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ABSTRACT 
  
The purpose of this study was to examine the effectiveness of a software 
application for guided practice on a tablet computer used as a multisensory instructional 
tool in the process of teaching music staff notation to students who have dyslexia. 
Between 15 to 20% of people in the United States may have dyslexia or related learning 
differences in the form of difficulties with reading and language processing.  Having 
dyslexia does not preclude engagement in playing music; however, evidence shows 
students with dyslexia often have trouble learning how to read music notation 
(Ganschow, Lloyd-Jones & Miles, 1994; Miles & Westcombe, 2004; Stewart, 2008).  
Technology, specifically the tablet computer, has potential to address individual needs of 
students in the domain of music; a variety of applications have been created for teaching 
and practicing the recognition of musical notation. The theoretical framework underlying 
the study was based on two theories related to the learning process of students with 
dyslexia: the phonological deficit and the dyslexia automatization deficit theories. 
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A quasi-experimental design was employed using intact classes of third, fourth, 
and fifth grade students (N=72) who attended an academy for students with dyslexia. The 
students were taught a series of lessons on reading music staff notation for seven weeks. 
The same teacher taught all classes. The treatment classes were given time for the 
guided-practice of music staff notation on the tablet; the control classes used the tablets 
for the same amount of time with other music applications, but were not given access to 
the specific treatment program. Data used to tabulate results of the study were collected 
with the use of pre and posttests of music staff notation recognition. The overall 
conclusion was that the use of the tablet for guided-practice in conjunction with 
instruction was significantly more effective at increasing the ability of students to 
recognize musical staff notation than using instruction alone.  
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CHAPTER 1 
 
 
The sounds of excitement and energy can be heard from the fourth grade class as 
the students make their way into the music room for one of two 50-minute music class 
periods per week.  They find a place to sit on the floor and eagerly await instructions 
from the music teacher.  The topic for the class is a review of the instruments of the 
symphony orchestra and the role of the conductor.  The students are given the 
opportunity to participate in a mock orchestra and take turns acting the part of either 
conductor, instrumentalists with pretend instruments, or music critic.  During the role-
playing and lively discussions that ensue after each turn, the teacher informally assesses 
the students’ learning.  
This music class, although similar in procedure to any typical fourth grade music 
class, is special because the students all have some form of dyslexia and are attending a 
1st-12th-grade academy for students with dyslexia and related learning differences.  This 
location would become the setting for this study. 
Background 
 As a newly hired, long-term substitute music teacher at an academy for students 
with dyslexia, I had the opportunity to observe classes such as the one described above 
for several weeks prior to the departure of the teacher I would be replacing.  Observations 
most apparent to me during the transition period were these: (1) each secondary student 
had a Macintosh laptop computer and had rudimentary experience using GarageBand 
(www.apple.com/mac/GarageBand/) music sequencing software; (2) elementary students 
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were given time to explore GarageBand on the desktop computers in the music 
classroom; (3) there was a large emphasis on music improvisation and the students were 
given much time to explore the playing of different classroom instruments without 
instruction and to participate in drum circles; (4) when allowing students to try various 
music apps on a tablet computer, in this case an iPad, they became enthusiastically 
engaged with seemingly greater attention spans; (5) the music teacher spent a greater part 
of each class period on classroom management issues as individual students would get 
“off track” frequently and lose interest in the music lessons; and (6) there was very little 
time spent on music theory (only one instance in one middle school class of five students 
was observed).  After spending several weeks observing the teacher in action, I eagerly 
took over the position.  Despite my years of teaching experience in elementary, 
secondary, and undergraduate schools, it become clear that I was not fully prepared to 
teach whole classrooms of students with special needs.  My experience with special 
music education was limited to either the incorporation of differentiated instruction for a 
small number of students in various K-12 music classes or teaching pre-service 
elementary and secondary music teachers about the concept.  
 As I gradually got to know the students at the academy and worked with them on 
a daily basis, my eyes were opened to the myriad strengths and learning differences that 
revolved around students who have dyslexia.  I found myself becoming extremely 
interested in the musical development of the students.  I further observed that music 
theory in the form of staff notation recognition was taught only once by the previous 
teacher.   I reasoned that this was because a general reading deficiency experienced by 
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students with dyslexia might correspond to a deficiency in reading musical notation.  In 
fact, in discussing the children's music study, the teacher stated, “…the students seem to 
have trouble with music reading.”    
 In addition, I wondered how to fully engage the students in music learning since I 
observed many behavioral issues, with attention deficit being the most common.  Might 
there be ways of using current music technology in addition to GarageBand to hold the 
attention of the students longer and thereby actively engage them in the learning process 
by making it fun, informative, and responsive to their enthusiasm?  All of this generated a 
curiosity about music education strategies for students with dyslexia and led me to delve 
deeply into the corresponding research literature.  
 Clearly music classes in the academy centered mostly on activities that did not 
involve music reading (e.g., drum circles, improvisation on various instruments, and 
group discussions about music history, and music sequencing with GarageBand.) A 
possible consequence of the exclusion of music reading might be that the needs of 
students with a desire to learn to read music were not fully addressed.  
Context for the Problem 
Between 15 and 20% of people in the United States may have some form of 
dyslexia or related learning differences that present in the form of difficulties with 
reading and language processing.  In addition, 85% of students who are classified as 
having a learning disability have difficulties with reading and language processing 
(Moats & Dakin, 2008).  This means that the likelihood of a public school music teacher 
having one or several students with dyslexia in a music class is great. Having dyslexia 
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does not preclude engagement in playing music; however, evidence of personal accounts 
from students, teachers, and parents has shown that “…many dyslexic musicians have 
particular difficulties with the notational aspects of musical learning” (Stewart, 2008, p. 
162).  
There are several significant investigations that demonstrate that students with 
developmental dyslexia difficulties also experience music-reading difficulties 
(Ganschow, Lloyd-Jones, Miles, 1994; Jaarsma, Ruijssenaars, Van den Broeck, 1998; 
Hébert, Cuddy, 2006; Forgeard, Schlaug, Norton, Rosam, Iyengar, Winner, 2008).  For 
example, Ganschow, Lloyd-Jones, and Miles (1994), in an account of case studies and 
personal interviews with musicians with dyslexia regarding the reading of music notation, 
used the word "dyslexia" as it pertained to difficulties in symbolic processing.  They 
stated, “As music involves symbolic representations, it is not at all unexpected that 
dyslexic musicians should experience difficulties with the formalized study of music, 
which usually involves the reading of musical notation” (p. 186). 
If it is true, as findings in studies indicate, that students with dyslexia have 
difficulties with reading music notation, should music educators simply ignore that aspect 
of their musical learning?  Certainly that would not be beneficial to the students.  But, 
how can music teachers facilitate their learning in that area of musical development?  
Dyslexia Clarified 
 Although a complete description of all the facets of dyslexia is beyond the scope 
of this paper, a brief examination of some background information will provide essential 
context.  Two categories of work regarding music and dyslexia pervade the current 
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research record: (1) general dyslexia research exploring the relationship between 
language processing and how it might be enhanced though music learning (Overy, 2003; 
Forgeard, Schlaug, Norton, Rosam, Iyengar, Winner, 2008) and (2) studies on the 
development of music education strategies to facilitate the musical learning of people 
with dyslexia (Ganschow, Lloyd-Jones, Miles, 1994; Jaarsma, Ruijssenaars, Van den 
Broeck, 1998; Hébert, Cuddy, 2006; Miles, 2008; Stewart, 2008).  The research findings 
related to the proposed study, stemming from the latter perspective, are relevant to the 
connection of dyslexia and reading music notation and are summarized in the review of 
literature found in chapter 2.  
 The word dyslexia is controversial because there are many ways to define the 
term, and because there are a number of theories about its causes and how to treat it. 
According to Shepherd (1999), research has pointed to symptoms of dyslexia that include 
reading and spelling difficulties that indicate a phonological processing disorder 
underlying a cognitive deficit (p. 385).  There is a presumption that difficulties with 
reading are not an indication of below average intelligence.  Shepherd noted that critics 
question the “…presumption that poor readers with average or above-average intelligence 
are qualitatively different from poor readers with below-average intelligence” (p. 385).  
The diagnosis continues, in spite of controversy, because “…clinicians and teachers 
continue to find individuals who present with the problem” (p. 386).  
In the United States we often use the words learning disability as a catch-all, with 
dyslexia included, and the disorder may not always be specifically addressed in 
educational assessment and planning. According to Reid (2011), Europe, the United 
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Kingdom, Australia, and New Zealand use the term dyslexia more freely than we do in 
the United States, and it is recognized and taken into account for educational policy and 
related legislation.  Reid (2001) reported that “dyslexia is an internationally accepted 
term and the condition affects children and adults in every country and in every culture 
irrespective of the language or the education system” (p. 1).   
 The International Dyslexia Association (IDA) defines dyslexia as a neurological 
learning disability “…characterized by difficulties with accurate and/or fluent word 
recognition and by poor spelling and decoding abilities” (www.interdys.org).  The IDA 
specifies that the difficulties are usually the result of a phonological deficit.  Phonology 
has to do with the sound structure of a language and is made up of aspects such as rate of 
speaking, loudness, pitch level, and intonation; as well as segmental facets called 
phonemes; i.e., vowels and consonants (Soifer, 1999).  Children with dyslexia can 
memorize individual words, but usually will have difficulty generalizing from one word 
to another due to phonological deficits (Uhry, 1999).  
More recently, researchers have provided evidence to support the notion that 
developmental dyslexia (DD) is a neurological disorder (Shaywitz & Shaywitz, 2001, 
2005) with genetic influence (Williams & O'Donovan, 2006; Shaywitz, Mody, & 
Shaywitz, 2006).  In The Diagnostic and Statistical Manual of Mental Disorders (5th ed.) 
(DSM-5) (American Psychiatric Association, 2013), dyslexia is referred to as another 
term for a specific learning disorder involving impairment with reading: “Dyslexia is an 
alternative term used to refer to a pattern of learning difficulties characterized by 
problems with accurate or fluent word recognition, poor decoding, and poor spelling 
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abilities” (American Psychiatric Association, 2013, section 315.00, F81.0).  It is also 
noted in the DSM-5 that if the term dyslexia is employed to stipulate these specific 
learning difficulties, it is also important “…to specify any additional difficulties that are 
present, such as difficulties with reading comprehension or math reasoning" (section 
315.00, F81.0).  
Theoretical Framework 
 The preceding definitions help us understand one of the most widely recognized 
theories for an underlying cause of dyslexia: phonological deficit theory.  Reid (2011) 
described the theory as relating to difficulties with sounds, “relating the sounds to the 
visual symbol and where in the word the sound comes” (p. 35).  Miles (2008) concurs 
with the phonological deficit theory for dyslexia and notes that people with dyslexia have 
a problem with “…the recall and ordering of speech sounds” (p. 4) and the ability to 
attach a correct label to speech sounds.  Miles (2008), in a report about the parallels 
between reading mathematical and music notation, stated that difficulty with 
phonological labeling of speech sounds or symbols is a problem for people with dyslexia; 
therefore, “one would expect them to have difficulty with many different kinds of 
symbols, including those of mathematics and musical notation” (p. 4).  The concept of 
students with dyslexia having a problem with reading the symbols of musical staff 
notation is at the heart of the current study and is addressed further in chapter 2. 
 A second theory for a possible cause of dyslexia is dyslexia automatization deficit 
(DAD), originally hypothesized by Nicolson and Fawcett (1990).  Findings from 
Nicolson and Fawcett's research showed that students with dyslexia often experience 
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difficulty with automatic recall, but can, with extensive practice in systematic and 
incremental steps, acquire a certain amount of automaticity.  Bloom (1986) and Gagné 
(1982) referred to the process of automatic recall as automaticity, or skills that are rapidly 
applied without deliberate effort. Most students can acquire automaticity by repeatedly 
practicing skills; however, students with dyslexia take a longer amount of time to grasp 
new information to the point where it can be recalled automatically (Reid, 2011).  
One way for students to practice for automaticity is with the use of instructional 
software created with drill-and-practice exercises. Drill-and-practice software, a 
reflection of objectivist (directed instruction) learning theories, provides students with a 
way to work through exercises while receiving feedback on their answers.  The tablet 
computer application (or “app,” as such software is more popularly called) used in the 
study and explained further in chapter 3 is a guided-practice1 operation that also provides 
pathways for students to develop their learned skills to a greater extent through the 
exploration of different ways to use the musical notes.  
Multisensory Instructional Approach 
 
Phonological deficit theory and dyslexia automatization deficit theory served as 
the theoretical framework for the decision to use a multisensory instructional approach in 
this study, an approach that included the use of a tool (the tablet) for purposes of guided-
practice for automaticity in learning music notation.  Specifically, multisensory 
instruction, as it applies to teaching students with dyslexia, “frequently involves a hand-
kinesthetic component” (Moats & Farrell, 1999, p. 1) for teaching or learning language 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1 From this point forward, the term guided-practice will be used to represent drill-and-practice.   
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structure.  This includes manipulative shapes in the form of letters to learn the alphabet or 
practicing speech by feeling with the fingers the way the sounds are formed with the 
mouth.  These concepts are further explored in chapter 2. 
Importance of Multisensory Instruction 
Notions abound for the best teaching strategies for students with dyslexia, and the 
subject is not without controversy.  However, one approach to instruction that seems to 
pervade the literature as an agreed upon way to help those with dyslexia learn is 
multisensory instruction (Henry, 1998; Moats & Farrell, 1999; Joshi, Dahlgren, 
Boulware-Gooden, 2002; Moats & Dakin, 2008).  
Recommending a multisensory approach for teaching students with reading 
disabilities, Moats and Farrell (1999) provided an explanation for why multisensory 
instructional strategies appear to be successful.  Children with reading disabilities are 
known to have trouble remembering phonological units (phonemes), but their working 
memories can be strengthened, and the units can become distinctive as tactile and 
kinesthetic activities are added to verbal and aural presentations of the material.  
The term multisensory “…has been used to refer to any learning activity that 
includes the use of two or more sensory modalities simultaneously to take in or express 
information” (Moats & Farrell, 1999, p. 1).  The term is occasionally used in education in 
reference to video and audio presentations or classroom activities that involve the 
kinesthetic or tactile senses.  Specifically, the term multisensory as it applies to the 
teaching of students with dyslexia “…frequently involves a hand-kinesthetic component” 
(p. 1) for teaching or learning language structure (e.g., using manipulative shapes in the 
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form of letters to learn the alphabet, or practicing speech by feeling with the fingers the 
way the sounds are formed with the mouth). 
 The multisensory approach has also been highly recommended for music 
instruction of students who have dyslexia, including use with the reading of music 
notation (Hubicki & Miles, 1991; White, 1993; Ganschow, Lloyd-Jones, Miles, 1994; 
Vance, 2004; Miles, 2008; Ditchfield, 2008; Oglethorpe, 1996, 2008). Hubicki (2004) 
created a system for teaching music notation to students with dyslexia that involved the 
assignment of colors to notes on the musical staff so that students could see patterns in 
the way the notes were represented by color.  Hubicki recommended the use of tangible 
objects such as carrots and apples to represent individual notes so that students could 
make stronger connections in learning through touch.  Hubicki also noted that it would be 
helpful for students to actually feel the shape and patterns of notes on the page as they 
traced their hands along a musical staff (p. 87). 
In a more general context, multisensory instruction has long been a part of music 
instructional methods such as Orff, Kodaly, and Suzuki (Forsythe & Kelly, 1989; Baines, 
2008).  Success of those methods is well known.  Furthermore, multisensory instructional 
strategies for students with dyslexia for teaching music and music notation have been 
highly recommended in research works by scholars (Hubicki & Miles, 1991; Miles & 
Westcombe, 2008; Vance, 2004) as well as in anecdotal reports from parents and 
students.  
Realizing students with dyslexia have problems with the reading of music 
notation, and taking into consideration the recommendations for multisensory instruction 
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for dyslexic learners, I reasoned that the tablet computer could be an effective 
multisensory tool to facilitate the learning of staff notation by students with dyslexia. 
Purpose and Research Question 
The purpose of this study was to examine the effectiveness of an app for guided-
practice on a tablet computer used as a multisensory instructional tool in the process of 
teaching music staff notation to students who have dyslexia.  The following research 
question was addressed in this investigation: 
Will there be a significant difference in posttest scores on an assessment for music 
staff notation recognition between students who used the tablet computer as a 
multisensory tool with an app for the guided-practice of reading music staff notation and 
students who used the tablet with general music applications? 
 The research hypothesis for the investigation was stated in the null form:  there 
will be no statistically significant difference between the posttest scores of staff notation 
recognition by students with dyslexia who have been taught to read staff notation by 
practicing for automaticity on the tablet compared to students who have been taught to 
read staff notation without practicing for automaticity on the tablet.   
 The independent variable was the use or non-use of an app for guided practice on 
a tablet computer (iPad) designed as a multisensory tool as an aid in the teaching and 
learning of music staff notation.  The dependent variable was the recognition of music 
staff notation as measured by scores on the posttest based on a similar assessment tool 
validated and used by Burdman (2007).  
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Need for the Study 
Meeting Instructional Challenges  
 
 Due to the enactment of public law 94-142 (1975), originally known as the 
Education for All Handicapped Children Act, most general music classrooms in public 
schools consist of students with mixed abilities.  An important component of the law, 
revised in 1990 and 2004 and renamed as the Individuals with Disabilities Education Act 
(IDEA) (United States Department of Education (USDE), 2010) is that students with 
disabilities must be educated with students without disabilities and “must be given a free 
appropriate public education in the least restrictive environment (LRE)" (Osborne & 
Dimattia, 1994, p. 6).  The following mandate is provided by IDEA regarding least 
restrictive environment (LRE): 
 To the maximum extent appropriate, children with disabilities, including children 
 in public or private institutions or other care facilities, are educated with children 
 who are not disabled, and special classes, separate schooling, or other removal of 
 children with disabilities from the regular educational environment occurs only 
 when the nature or severity of the disability of a child is such that education in 
 regular classes with the use of supplementary aids and services cannot be 
 achieved satisfactorily. (Section 612, (a) 5)  
One impact of the LRE mandate on music education in the United States is that 
elementary and secondary music teachers must design lesson plans with all types of 
learners in mind.  
 Elementary and secondary music teachers who have received a credential for 
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music teaching in the schools, depending on the content covered in their educational 
methods courses, may not have been taught sufficient strategies for teaching students 
with learning disabilities.  Ideally, all future music teachers would be given proper 
training on how to teach music to students with diverse learning abilities. But, this is not 
always the case.  There may be some without sufficient practical experience to know how 
to teach music notation to students who have dyslexia, although they have read about 
appropriate strategies in textbooks, or have minimal experience from student teaching. 
Results from this study may help music teachers learn techniques that might create a 
positive impact on the music staff-notational learning ability of students with dyslexia.  
As political and economic conditions continue to impact school curriculum and 
students with special needs are placed in general education classes as well as music 
classes, instructional strategies necessary for successful learning are not always 
employed.  Teachers are faced with decisions about appropriate instructional 
implementation and must consider national, state, and local standards as they plan their 
yearly curricula and might not always choose the instructional strategies that best meet 
the needs of all of their students. Results from this study may help to solve some of these 
challenges. 
Addressing Standards  
 Technology standards.  In 2008, the International Society for Technology in 
Education (ISTE) issued the new National Educational Technology Standards for 
Teachers (NETS-T), now called ISTE Standards (ISTE, 2014).  The targets that must be 
met by teachers now and in the future, as technology becomes a “regular part of their 
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instructional planning,” were outlined by ISTE (Roblyer & Doering, 2010, p. 1).  The 
preface to the performance indicators for teachers states: 
Effective teachers model and apply the National Educational Technology 
Standards for Students (NETS-S) as they design, implement, and assess learning 
experiences to engage students and improve learning; enrich professional 
practice; and provide positive models for students, colleagues, and the 
community.  All teachers should meet the following standards and performance 
indicators. (p. 1)   
 Five main indicators including several sub-directives follow the statement.  The 
performance indicator that specifically pertains to the instructional implementation in the 
proposed study is indicator number two: “design and develop digital-age learning 
experiences and assessments” (p. 1).  Two of the sub-directives for indicator two are 
particularly apropos: (a) “design or adapt relevant learning experiences that incorporate 
digital tools and resources to promote student learning and creativity” and (b) “customize 
and personalize learning activities to address students’ diverse learning styles, working 
strategies, and abilities using digital tools and resources” (p. 1).  This study addresses 
both sub-directives by exploring the use of the tablet as a digital tool used as a 
multisensory device to facilitate the learning of dyslexic students. 
 Music education standards.  In 1994, The National Association for Music 
Education (NAfME) created standards for music education.  Those nine voluntary 
standards, archived on NAfME’s website (http://musiced.nafme.org/resources/national-
standards-for-music-education/), included standard number five: reading and notating 
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music. Further, the National Coalition for Core Arts Standards (NCCAS) released new 
standards for music on June 4, 2014.  The standards, part of The National Core Arts 
Standards, can be found on the NCAS website (http://www.nationalartsstandards.org).  
 The new standards for music are different from the nine previous National 
Standards for Music Education that centered on the acquisition of music skills and 
knowledge.  The current standards have a focus on the development of musical literacy 
through the understanding of musical concepts.  Anchor standard 2 (organize and develop 
artistic ideas and work) for 1st though 8th grade includes the use of standard music 
notation.  
 Teachers, who are concerned about meeting music standards and purposefully 
including them in their teaching, may find that some students with dyslexia and co-
morbid learning differences will want to learn how to read music and may not be able to 
do so without great difficulty.  This study is an investigation of a multisensory strategy 
for teaching music reading to such students.  Results from this work may help to 
determine if the multisensory strategy (the use of a guided-practice app on the tablet) has 
a positive impact on student learning. 
Importance of Teaching Music Notation and Music Reading 
 In reference to the teaching of music staff notation, Elliott (1995) asserted: 
Part of the musicianship of many (but not all) musical practices worldwide is 
knowledge about notation and knowledge of how to decode and encode musical 
sound patterns in staff notation, graphic notation, hand signs, or rhythmic 
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syllables. But… the ability to decode or encode a system of musical notation is 
not equivalent to musicianship. (p. 61) 
Elliott believes that music literacy should be taught in context within the process of 
“musical problem solving through active music making” (p. 61).  Elliott also claims that 
while formal musical knowledge is “…necessary to become a music teacher, critic, or 
musicologist” (p. 62) it is not required to achieve high levels of musicianship.  
 I agree with much of Elliott’s reasoning and believe that students (people) are 
able to explore and improvise music and go on to attain success in many musical 
endeavors without the ability to read or write standard music notation.  However, I also 
believe that all students should be given the opportunity to learn how to read musical 
staff notation as there are many who might wish to participate in music venues that entail 
the playing or singing by recognizing and decoding music notation such as orchestra, 
choral ensembles, and chamber music, to mention a few.  
 Mills and McPherson (2006) reported that instructional methods used for teaching 
music reading skills are often flawed and propose that the inability to attain fluency in 
music reading is a significant disadvantage and perhaps an underlying cause of why 
students discontinue the study of music.  Evidence also has shown that students with 
dyslexia often have trouble learning how to read music notation (Ganschow, Lloyd-Jones 
& Miles, 1994; Miles & Westcombe, 2004; Stewart, 2008).  It follows that the 
instructional strategies for teaching students how to read music notation should be 
examined in educational contexts where such activities might represent substantial 
challenges.     
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 The current study offers a way for students with dyslexia who normally engage in 
music practices that are not based on formal notation (improvisation, experimenting with 
instruments, music sequencing by ear) to become involved in the process of reading 
music notation by using multisensory instructional software on an tablet in the form of a 
guided-practice music notation game.  If the results of the study indicate that the use of 
the tablet has a positive impact on dyslexic students’ learning of staff notation, the 
information would be helpful for music teachers who must design lessons with all types 
of learners in mind.  
 Another salient purpose for encouraging students to engage with a music reading 
guided-practice app on the tablet is that there are many existing ways for students to 
apply music-reading skills in music-making contexts.  For example, with the educational 
tablet app particularly chosen for the current study, the game includes aspects of music 
learning apart from music notation practice.  One portion of the app allows students to 
play instruments along with the notes on the staff. Students may choose the instrument to 
play along (piano, cello, soprano recorder, etc.) or may choose to use their fingers as an 
instrument and simply tap the notes on the staff (see Appendix G).  In addition to the 
direct opportunities for application of music-reading skills on the app chosen for guided-
practice, students may be able to transfer the music recognition ability to other music 
making contexts beyond the scope of the tablet computer.  
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Rationale for Tablet Use 
 
 During the course of informal observations of students with dyslexia using the 
tablet, it occurred to me that the device might be an effective tool for the students because 
of the multisensory (seeing, hearing, touching) touchscreen capabilities.  The students 
were captivated not only by what they were hearing and seeing, but what they were able 
to manipulate with their fingers on the screen.  Students can move images on the screen 
with their fingers and adjust the size of images or words by the swiping of the thumb and 
fingers.  This was important because those who have dyslexia often experience visual 
challenges or fluctuation with their visual acuity (Saunders, 2002).  I considered that the 
tablet is a device that not only allows for visual and tactile adjustments, but also involves 
aural and kinesthetic functions, or senses. 
 Students with dyslexia are known to have trouble remembering phonemes, but 
their working memories can be strengthened, and the phonemes can become distinctive 
as tactile and kinesthetic activities are added to verbal and aural presentations of the 
material.  As multiple representations of the phonemes are presented, and thus added to 
the working memory, there is a greater chance the information will last long enough to be 
stored in long-term memory (Moats & Farrell, 1999).  
 The tablet, with its auditory component, allows not only visual representations of 
the learning material, but a simultaneous representation of the material in sound; e.g., the 
sound of the pitches and names of the notes in the guided-practice app chosen for the 
current study.  Tablet users are engaged in the learning process with the use of aural, as 
well as, visual, tactile, and kinesthetic senses, which manifests as a multisensory 
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experience.   
 Melhusih and Faloon (2010) have identified five benefits of using the iPad for 
educational purposes: (1) its portability, learning is not limited to any one particular 
place, it may occur anywhere the device is found; (2) affordability and universal access: 
"places web access and other digital tools in the hands of more users than any other 
digital technology" (p. 30); (3) situation "enables constructivist learning" (p. 30); (4) 
connection: opportunity to connect in "authentic learning situations" (p. 9); and (5) 
individual and personal experience: "learning can be tailored to individual needs and 
preferences" (p. 30).  
 Case studies examined by Ganschow, Lloyd-Jones, & Miles (1994) provide 
support for the idea that students with dyslexia, known to have difficulty with 
phonological processing, will have problems with the reading of staff notation as 
symbols.  The researchers recommend the multisensory approach for teaching music 
notation to students with dyslexia.  
 Hubicki (1994) created a system for teaching music notation to students with 
dyslexia that involved the assignment of colors to notes on the musical staff so that 
students could see patterns in the way the notes were represented by color.  Hubicki also 
suggested the use of tangible objects, like carrots and apples, to represent individual notes 
so that students could make stronger connections in learning through touch.  Hubicki 
noted that it would be helpful for students to actually feel the shape and patterns of notes 
on the page as they traced their hands along a musical staff. 
 Hubicki and Miles (1991) stressed that in teaching music it is important to 
	  	  
	  
20 
distinguish between what is meant by music and music notation.  For instance, the term 
music might represent a piece of sheet music or an arrangement of particular sounds. 
They explained that music notation is very different and is an organized way of 
presenting music through signs and symbols that can be read and require knowledge to 
understand (p. 62).  Drawing parallels between reading and reading music, Hubicki and 
Miles recommended the use of a multisensory approach for music notation instruction as 
there may be those who have trouble understanding ambiguous associations; such as, the 
words high and low, which might represent pitch sounds as well as position on the staff 
(p. 64).  The researchers suggested that it is important for teachers to encourage students 
to use all of their senses in learning.  For example, students might use their fingers to 
trace the shape of phrases or position of notes on a musical staff or use different colors to 
represent patterns of notes they find in the notes on the page.   
 Hubicki and Miles (1991) also stressed they were recommending the multisensory 
approach for all students, not solely for those who have dyslexia and offer the following 
thought "Nuances of phrasing which can be expressed through the fingers or through the 
voice are not always obvious on the written staff.  It is here that a multisensory approach 
enables the learner to become increasingly perceptive of the many implications which lie 
at a deep level within musical notation" (p. 73).  The suggestions for multisensory 
strategies for teaching music notation (Hubicki, 1994, Hubicki & Miles, 1991) inform the 
use of the tablet computer in my study as a tool that incorporates the sense of touch into 
learning. 
 The current study involved students who have dyslexia, and have difficulty with 
	  	  
	  
21 
phonological processing as well as with reading music staff notation symbols. 
Multisensory teaching has “traditionally been a staple of remedial and preventive 
intervention for students with learning disabilities and/or dyslexia” (Moats & Farrell, 
1999, p. 14); therefore, the tablet was chosen for use in the current investigation because 
it is a multisensory device.  For the purposes of this study, the specific tablet chosen was 
the Apple iPad2.  This device was readily available to the students and the software 
chosen was compatible.  The iPad tablet clearly incorporates aspects of four senses in 
learning: aural, visual, kinesthetic (the students are not tied to a desk and can move 
around while using it), and tactile (it has a touchscreen).  
 Of particular importance, too, is the fact that iPad users can manipulate images on 
the screen with their fingers.  The size of images or words on the screen can be increased 
or decreased by the swiping of the thumb and fingers.   This feature makes the iPad a 
suitable tool for any student who is visually impaired, as well as students with dyslexia 
who may experience visual processing difficulties (Saunders, 2002).  The availability of 
educational software also makes the iPad a valuable mobile device for learners.  
 The iPad is also a great tool for multimedia presentations, presenting information 
in words and pictures.  Mayer (2009) stated the importance of multimedia learning and 
proposed a cognitive theory based on the belief that "instructional messages should be 
designed in light of how the human mind works" (p. 217).  Mayer described three ways 
of viewing the term multimedia: (1) the delivery-media view (what device is used for 
delivery of the information); the presentation-modes view (is the mode verbal or 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
2 For the remainder of the dissertation, the term “iPad” will be used to describe the device used.	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pictorial); and (3) the sensory-modality view (what senses are used by the learner to 
receive the information).  
 The third view, sensory-modality, is most closely related to multisensory learning 
where two or more senses in the learner are involved in the processing of information.  In 
what Mayer calls the "dual-channel assumption" (p. 287), the sensory-modes view is 
described as one in which the learner has separate systems for the processing of visual 
and aural information, and consideration is taken for how individuals might process the 
information differently.  According to Mayer, the sensory-modes view of multimedia 
presentation is learner-centered and related to the concept of how multimedia can be 
adapted to "enhance human learning" (p. 345).  Mayer's theory of multimedia learning 
lends support to a multisensory instructional choice for students with dyslexia who 
process aural and verbal information in different ways.  
 Benton (2012) stated the iPad is a popular choice with educators because it “has 
built-in language and accessibility tools, and offers thousands of free and low-cost 
applications, many of which are educational in purpose” (p. 2).  There are also many 
music apps that can be used as tutorials, instructional, or guided-practice games.  The 
iPad has a port for earphones so students may work independently at their own pace 
while not disturbing the work of those around them.  Chapter 2 includes salient literature 
on the use of the iPad for educational purposes. 
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Key Definitions 
Automaticity    Automaticity occurs when a skill is applied rapidly and “without 
conscious effort” (Roblyer & Doering, 2010, p. 46).  Bloom (1986) defined automaticity 
as automatic recall.  The definition of automaticity informs our understanding of the 
process of automatization as it pertains to dyslexia automatization deficit hypothesis.  
 
Co-morbidity    Dyslexia can overlap with other learning difficulties; such as: 
attention deficit hyperactive disorder (ADHD; attention and focusing difficulties), 
dyspraxia (difficulty with coordination and movement), dyscalculia (difficulty 
with numbers), and dysgraphia (difficulty with handwriting).  (Reid, 2011, p. 6)  
The overlapping between these learning difficulties is sometimes referred to as co-
morbidity.  
 
Dyslexia   The following definition is offered by the International Dyslexia Association 
(IDA) (http://www.interdys.org/FAQWhatIs.htm): 
 Dyslexia is a specific learning disability that is neurological in origin.  It is 
characterized by difficulties with accurate and/or fluent word recognition and by 
poor spelling and decoding abilities.  These difficulties typically result from a 
deficit in the phonological component of language that is often unexpected in 
relation to other cognitive abilities and the provision of effective classroom 
instruction.  Secondary consequences may include problems in reading 
comprehension and reduced reading experience that can impede the growth of 
vocabulary and background knowledge. (Reid, 2011, pp. 10-11)  
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Included in visual complications may be visual stress, an impression of letters moving out 
of place in a visual line, or a reversal of letters and numbers, reading difficulties that also 
affect the reading of music notation (Saunders, 2002).  
Organization of the Chapters 
This document is divided into five chapters. Chapter 2 includes a review of 
prominent literature pertaining to the following: (1) theoretical foundation of this study, 
(2) multisensory instructional approach, (3) teaching of staff notation to students with 
dyslexia, (4) the iPad integration in education, and (5) a concluding section that 
summarizes and frames the current study in the existing literature.  Chapter 3 provides a 
description of the procedures used to execute the quasi-experimental design of the current 
study.  After a restatement of the purpose and hypothesis, the following aspects of the 
study are presented: research design, site selection, subjects for the study, data collection 
instruments, data analysis, and research validity.  Chapter 3 concludes with an overview 
of the music staff notation instruction employed in the current study and a description of 
iPad implementation as it was used for the purpose of guided-practice of music staff 
notation reading.  The results and an analysis of the data are presented in chapter 4. 
Chapter 5 unfolds with a restatement of the purpose of the study and the research 
hypotheses, followed by a response to the hypothesis, and a discussion of the results of 
the findings of the research.  Implications of the study for music education, and 
suggestions for future research are offered. The dissertation concludes with an overall 
summary. 
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CHAPTER 2 - REVIEW OF LITERATURE 
 
 The literature surveyed for the current study was in the form of books, 
dissertations, journal articles, papers, and relevant websites.  The sources are organized 
with the following categories: (1) theoretical framework: work relevant to the 
phonological deficit theory and to the theory of dyslexia automatization deficit; (2) 
multisensory instructional approach; (3) teaching staff notation to students with dyslexia; 
and (4) iPad integration in education.  The chapter ends with a summary that frames the 
current study in the existing literature. 
Theoretical Framework 
 The theoretical framework underlying the decision to use a multisensory approach 
that included practice for automaticity in the proposed investigation is based on two 
theories related to the learning of students with dyslexia: the phonological deficit theory 
and the dyslexia automatization deficit theory.  Multisensory instructional strategies have 
long been recommended for students who have an underlying deficit in phonological 
processing.  Furthermore, researchers have shown that students with dyslexia who have 
an automaticity deficit can, with consistent practice, develop automaticity of skills.  With 
the phonological deficit theory and the dyslexia automatization deficit theory in mind, I 
designed the treatment for the current study to include the use of an app for the purpose 
of guided-practice for automaticity on a tablet computer (iPad) that is a multisensory 
device.  The following sections include pertinent literature addressing both theories.  
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Phonological Deficit Theory  
 
There is a consistent thread running through much of the literature that has been 
examined for this study: the symptoms of dyslexia are reported as having a connection 
with an underlying deficit in phonological processing.  Reid (2011) described the 
phonological deficit theory as relating to difficulties with sounds and “relating the sounds 
to the visual symbol and where in the word the sound comes” (p. 35). Reid (2011) stated 
that, in relation to a phonological deficit, children with dyslexia have difficulties with 
auditory discrimination and may have trouble with rhyming and rapid naming (p. 35). 
Miles (2008) agreed with the phonological deficit theory for dyslexia and noted that 
people with dyslexia have a problem with “the recall and ordering of speech sounds” (p. 
4) and the ability to attach a correct label to those sounds.  This section includes a brief 
review of several phonological studies, concluding with a study based on the exploration 
of the relationship between music and phonological processing. 
Snowling (2001) reviewed evidence for support of the phonological deficit theory 
of dyslexia. Findings presented in the review from empirical studies suggested 
phonological deficit is a reflection of language weaknesses, rather than auditory 
impairments.  Snowling addressed the meaning of phonological deficit saying, in 
reference to children with dyslexia, “the way in which their brain codes phonology is less 
efficient than that of normally developing children, despite their relative strengths in 
semantic processing” (p. 38).  Snowling (2001) listed typical behavioral symptoms from 
a phonological deficit as including problems with “short-term memory, non-word 
repetition deficits, poor phonological learning of new verbal information, word retrieval 
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and rapid naming problems” (p. 38).  
Frith (1998) listed some of the behavioral manifestations of a phonological deficit 
as “poor acquisition of reading, poor performance on phoneme awareness tasks, slow 
naming speed, and impaired verbal short term memory” (p. 192).  Frith developed a 
series of tests for children aged 6 to 16 that measured phonemic fluency, digit naming 
speed, and rhyme detection for distinguishing good readers from poor readers and for 
diagnoses that were due to phonological impairments.  The series of tests have become 
standardized assessments for the discernment of reading ability in children. 
 Marshall (2000) conducted a study to test a theory by Tallal (1980) that 
phonological deficits could be attributed to deficits in auditory processing with children 
who had dyslexia.  The subjects included 12-year old children with dyslexia compared 
with readers without dyslexia of the same age and younger reading age children for 
control groups.  The children with dyslexia showed deficits on non-word repetition and 
phoneme deletion and rhyming tasks and were outperformed by the younger children.  
 Following that study, Snowling (2001) conducted a replication of an experiment 
by Tallal wherein “each child was taught to associate two pure tones with two different 
responses, a high tone of 350 Hz and a low tone of 100 Hz” (p. 39).  After learning the 
associations, the subjects were asked to repeat tone sequences that were presented at 
different intervals (400 ms apart, high-high, high-low, etc.).  “The inter-stimulus interval 
(ISI) between the tones was varied in the experimental trials with ISI’s ranging between 
long (150 ms) and short (10 ms)” (p. 39).  Findings from the study were not in line with 
Tallal’s theory and lend support to the phonological deficit theory; i.e., that deficits of 
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children with dyslexia “appear to be with higher-level phonological processes” (p. 39). 
Miles (2006) examined the response to paired letters of the alphabet by children 
with and without dyslexia between the ages of 10 to 15 years.  In the experimental study, 
the children were given the task of pressing keys signifying if the pairs of letters were the 
same or different.  A different combination of letters was presented every time (e.g., MM, 
SS, or, MD, AG).  This representation was called the visual match condition.  
 Intermittently, a lower-case letter was shown beside a capital letter (e.g., Cc, Ff: 
same or Ga, Ab: different), called the name match condition.  Results of the study 
revealed that the children with dyslexia showed no significant difference with the 
controls for the visual match condition, but the children with dyslexia were slower in 
making decisions about the name match pairs.  Findings from this work showed the 
magnitude of the difference as only between .05 and .10, but the difference was 
consistent.  The findings lend support to the idea that students with dyslexia might have 
problems with symbolic interpretation, such as possibly the symbols involved with 
musical staff notation.  
 Forgeard, Schlaug, Norton, Rosam, Iyengar, and Winner (2008) explored the 
relation between music and phonological processing.  The goal of their experiments was 
to test the hypothesis that language skills and musical abilities are related in children who 
have dyslexia and children who read normally.  Four studies were detailed in this report. 
The first study tested the hypothesis that there is a correlation between phonological 
processing and music (pitch and rhythm) processing with a stronger relation in children 
with musical training.  The second experiment tested the hypothesis that there is a 
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correlation between music skill (pitch and rhythm) and reading abilities with it being 
stronger in children with musical training.  The third study tested the hypothesis that 
reading and phonological processing deficits in children with dyslexia should predict 
deficits in music processing with pitch and rhythm.  The fourth study tested the 
hypothesis of the third study, but compared normal-reading children with children with 
dyslexia, children with and without music training.  
The test administered for the music portions of studies 3 and 4 was Gordon’s 
Intermediate Measures for Music Audiation (IMMA) for children in first through sixth 
grade) (Gordon, 1986).  The results of the third and fourth experiments (with dyslexic 
children) showed that children with dyslexia seem to have deficits in rhythm and pitch; 
they consistently scored lower on tests measuring rhythmic and melodic discrimination.   
A general discussion of the results from all four studies included a finding that 
there was a strong relationship between “auditory musical discrimination abilities and 
language related skills in children” (Forgeard et al. (2008), p. 388).  In the children with 
dyslexia, “auditory discrimination abilities predicted phonemic awareness, which in turn 
predicted reading abilities” (p. 388).  The researchers reported the possibility that 
“children with dyslexia may have a more global form of musical impairment than has 
been appreciated in the literature so far” (p. 388).  It is reasonable to conclude from the 
results of these studies that students with dyslexia have inherent musical deficits that 
contribute to their difficulty with reading music.  
 Based on the above-mentioned studies, the phonological deficit theory 
encompasses the idea that children with dyslexia have difficulties with sounds 
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(phonemes) and relating the phonemes to symbols.  Behaviors resulting from a 
phonological deficit may include problems with short-term memory, rapid-naming, and 
symbolic interpretation, problems that may affect the process of reading music staff 
notation (the focus of the current study).  
Dyslexia Automatization Deficit (DAD)  
 A second possible underlying cause of dyslexia is dyslexia automatization deficit 
(DAD), originally hypothesized by Nicolson and Fawcett (1990). Those who have 
dyslexia often experience difficulty with automaticity, which means “they take longer to 
assimilate new information to the point of mastery” (Reid, 2011). Reid explained that 
people who have dyslexia usually take a longer amount of time for processing and need a 
“considerable amount of over-learning” (p. 35).  
 Although research on this theory has produced results that are extremely difficult 
to understand unless one is trained in the fields of neurobiology and psychology, it is 
helpful, for the purposes of the current study (regarding automaticity and guided-practice 
software), to include some review of this relevant literature.  Nicolson and Fawcett 
(1990) hypothesized that students who have dyslexia often experience difficulty with 
automatic skills whether or not the skills are motor related or cognitive, and whether or 
not extensive practice was involved.  The 1990 study centered on balance as a motor skill 
that was commonly practiced and therefore very likely to become automatized. In the 
study, 13 children with dyslexia of normal or above-normal IQ performed balance tasks 
such as standing on blocks with one foot in front of the other, balancing on one foot, and 
walking.  There was a control group of 8 children who were not known to have dyslexia 
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and were of normal or above-normal IQ.  The children performed the tasks under two 
conditions: (1) only needing to balance; and (2) completing another task while balancing; 
such as, extending their arms in the shape of an airplane.  
Results of the study were in line with the hypothesis and showed that the children 
with dyslexia had a significant impairment in dual-task balance thereby exhibiting a lack 
of automaticity.  The children in the control group showed no deficit in dual-task balance 
automaticity.  The researchers stated that a possible problem with the dual-task results 
was that it was unclear whether the impairment might also have been due to an attention 
deficit that may have occurred due to the addition of a secondary task.  However, 
repeated trials with greater numbers of control and test group made the concern unlikely. 
As to the question of whether or not children with dyslexia may achieve 
automaticity through extended practice, or overlearning, a second study by Nicolson and 
Fawcett (2008) was particularly interesting and involved research on dyslexic children 
learning (and unlearning) automatic skills with the use of the electronic game Pacman, 
modified for use on a microcomputer.  There were two groups in the study, one with 
dyslexia, and one without; both groups (N=56) were children with an average age of 15 
years.  The tasks involved training for the use of “four keyboard keys to navigate the 
Pacman icon around a maze” (p. 80).  The researchers were able to measure accuracy and 
speed in separate channels due to the microcomputer settings.  The tests took place in 
three phases, the first two within 6 months, and the third phase (to test long-term effects) 
was a year after the second test ended.  Although the children with dyslexia took a longer 
time to learn the tasks and had slower performance times, they showed evidence of 
	  	  
	  
32 
strength in automaticity in relation to “resistance to interference and to unlearning” (p. 
84) in the face of distresses added to the trials.  These distresses took the form of white 
noise or changes in the mapping of the Pacman routes.  
General results of both the 1990 and 2008 studies by Nicolson and Fawcett 
demonstrated that, with consistent practice, students with dyslexia are able to develop 
automaticity of skills.  The educational implications regarding the findings of these 
studies show the need to provide extended practice for students with dyslexia in order to 
develop automaticity.  These findings are relevant to the study at hand as they support the 
use of a guided-practice app on the iPad to help students with dyslexia learn how to read 
music staff notation by providing extended practice and development of the skill through 
overlearning (automaticity). 
Yap and Van Der Leij (1994) conducted a study to test Nicolson and Fawcett's 
dyslexia automatization deficit theory.  Fourteen subjects who had dyslexia and two 
control groups (14 subjects in each) were matched for reading age and chronological age. 
A dual-task paradigm was employed including motor-balance and auditory choice tasks. 
The primary task was a test for balance where subjects were asked to stand on one leg 
with bended knee and arms outstretched for a period of one minute on each leg.  The 
secondary task was an auditory reaction test in which subjects pressed a hand-held button 
in response to high or low tones.  On the motor-balance tasks, differences were compared 
between dual-task and single task performances.  For dual tasks the subjects had to 
perform the motor-balance task while simultaneously performing an auditory-choice task. 
An analysis of variance showed a significant effect between groups; subjects with 
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dyslexia made more errors on the dual-task performance than on the single task.  The 
control subjects showed no differences between the dual or single tasks, an indication that 
the subjects without dyslexia had no problems with automatic processing (p. 663).  The 
findings lend support to the dyslexia automatization deficit theory of Nicolson and 
Fawcett (1990).  According to Yap and Van Der Leij (1994), the findings showed that a 
lack of automatization is “specifically related to dyslexia because the deficit was not seen 
in nondisabled subjects . . . automatization deficit is a likely cause of dyslexia” (p. 664).  
In terms of the field of music, Jaarsma, Ruijssenaars, and Van den Broeck (1998) 
devised a model for learning music notation based on dyslexia automatization deficit 
theory.  Results of the study were based on an analysis of errors in a posttest for music 
notation recognition. Findings showed that children with dyslexia made more mistakes 
than children without dyslexia and they took more time to complete assignments and to 
recognize notes in a posttest.  These results demonstrated that children with dyslexia may 
have trouble with automatization for the process of reading music notation.  Details of the 
Jaarsma, Ruijssenaars, and Van den Broeck study are presented later in chapter 2 in the 
section on teaching music notation to students with dyslexia.   
The aforementioned studies provide a foundation for an explanation of dyslexia 
automatization deficit theory.  People who have dyslexia have trouble with the 
integration of new information and may take longer to process the information to the 
point of mastery or where recall becomes automatic.  Studies show that with a 
considerable amount of practice, or over-learning, people with dyslexia may achieve a 
certain amount of automaticity.  The independent variable in the current study was the 
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use of an app for guided-practice on a tablet computer (iPad) used as a multisensory tool 
in the process of teaching music staff notation that allowed students to practice for 
automaticity.  
Multisensory Instructional Approach for Reading 
Recommending a multisensory approach for teaching students with reading 
disabilities, Moats and Farrell (1999) used the term multisensory instruction as it applied 
to the teaching students with dyslexia.  They noted that such a strategy  “frequently 
involves a hand-kinesthetic component” (1999, p. 1) for teaching or learning language 
structure; e.g., using manipulative shapes in the form of letters to learn the alphabet, or 
practicing speech by feeling with the fingers the way the sounds are formed with the 
mouth.  The researchers presented an explanation for why multisensory instructional 
strategies appear to be successful.  This explanation involved both short-term, or working 
memory, and long-term memory.  People with reading disabilities have trouble 
remembering phonological units but their working memories can be strengthened, and the 
units can become distinctive as tactile and kinesthetic activities are added to verbal and 
aural presentations of the material.  As multiple representations of the phonemes are 
presented, and thus added to the working memory, there is a greater chance the 
information will last long enough to be stored in long-term memory. 
Studies of the brain have shown that there are at least two forms of long-term 
memory processes (Shaywitz & Shaywitz, 2003).  One involves step-by-step learning of 
skills such as problem-solving and perceptual learning that are performed automatically. 
The other type involves the recall of having used procedures to perform tasks or solve 
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problems.  Moats and Farrell (1999) surmised that, due to the two types of long term 
memory storage, multisensory instruction would be effective as students with reading 
disabilities might learn to use one type of long-term memory in compensation for a 
deficit in the other.  Further, they claimed that, although teachers and clinicians have long 
employed multisensory instructional practices, there has been little validation in support 
of their use by empirical research (p. 1).  
As a response to Moats and Farrell’s claim, Joshi, Dahlgren, and Boulware-
Gooden (2002) examined the efficacy of the multisensory approach to improve reading 
skills in first grade students.  The researchers specifically wanted to determine if, after 
one year of multisensory instruction, there would be improvement of students’ reading 
comprehension and phonological skills.  The participants were four classrooms from 
inner-city schools.  There were a total of 32 subjects in the control groups and 24 in the 
treatment groups.  Two of the classrooms (control group) were taught using the 
Houghton-Mifflin Basal Reading Program (Houghton-Mifflin, 2001) and two of the 
classrooms (treatment group) were taught using the Language Basics: Elementary (Cox, 
1985), a program based on the Orton-Gillingham Alphabet Phonics Method.  The latter is 
a multisensory approach based on the principles of Samuel T. Orton, a neurologist, who 
believed that reading disorders in children were due to a “lack of cerebral dominance” 
(Lerner, 1985, p. 30).  Although Orton’s principles for a multisensory approach to 
teaching reading have been in existence since the 1930s, Anna Gillingham and Bessie 
Stillman, associates of Orton’s, are credited with publishing the written account of the 
approach (Gillingham & Stillman, 1997).  The approach is most often referred to as the 
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OG method -- a multisensory method that uses “sounds, syllables, words, sentences, and 
written discourse” (Joshi et al., 2002, p. 231).  
 Students in the treatment groups were taught lessons that involved the three 
learning modalities of aural, visual, and kinesthetic – all aspects of a multisensory 
approach.  The multisensory lessons included instruction on "phonemic awareness, 
alphabet activities, oral language, reading and spelling practice, reading comprehension, 
and vocabulary development based on the sound-structure of the English language" (p. 
234).  Students in the control classes were taught reading lessons from the Houghton 
Mifflin Basal series.  Data were collected after one year of instruction from identical 
pretests and posttests (three standardized tests on phonological awareness, decoding 
skills, vocabulary and reading comprehension).   
 Results of the research by Joshi et al., (2002) showed that significant gains in 
reading comprehension, decoding, and phonological awareness were made by the 
experimental groups (using the OG method) while the control groups (using the 
Houghton Mifflin Basal series) only improved in reading comprehension.  In a 
comparison of the gain scores of the experimental groups and control groups, the 
researchers found the gain scores of the experimental groups were higher than the control 
groups: phonological awareness, F (1, 53) = 5.02, p < 0.03; decoding, F (1, 55) = 8.94, p 
<0.004; reading comprehension, F (1, 52) = 6.35, p < 0.02.  The researchers concluded 
that the higher scores of the children in the treatment groups could be attributed to the use 
of the multisensory instruction.  Their conclusion provides support for the use of 
multisensory instruction in the current study. 
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Teaching Music Notation to Students with Dyslexia 
  Multisensory strategies for teaching reading to students with dyslexia have been 
widely recommended and the approach has also been advocated for teaching music to 
students with dyslexia.  Ganschow, Lloyd-Jones, and Miles (1994) recommended the 
multisensory approach for teaching music notation to students with dyslexia in a 
collection of case studies of musicians with dyslexia.  The researchers used the word 
dyslexia as it pertained to difficulties in symbolic processing and stated, “...as music 
involves symbolic representations, it is not at all unexpected that dyslexic musicians 
should experience difficulties with the formalized study of music, which usually involves 
the reading of musical notation” (p. 186).  
 The researchers presented seven case studies of musicians who had dyslexia and 
described the main difficulties the cases experienced with formal music education.  The 
researchers acknowledged that not every difficulty could be attributed to dyslexia, but 
they presented all symptoms to provide evidence, hoping for a future testing system that 
might be used to explore the relationship between music and dyslexia.  In an evaluation 
of the case studies, the researchers noted that the most common parallel in all of the 
studies was a description of problems with music notation.  All of the musicians reported 
strategies for compensation for their notational difficulties such as looking at written 
music as a whole through visualizations of feelings or colored images (p. 191).  
 The Ganschow, Lloyd-Jones, and Miles (1994) work is important to my research 
for two reasons: (1) the case studies provide support for the idea that students with 
dyslexia will have problems with the reading of staff notation as symbols; and (2) due to 
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an apparent lack of knowledge by the general music profession about dyslexia and its 
effects on musicians who have it, there is an established need for further research in the 
field for alternative ways of teaching music notation to students who have dyslexia (p. 
200).     
 Jaarsma, Ruijssenaars, and Van den Broeck, (1998), in a pilot study based on the 
dyslexia automatization deficit theory, devised a model for learning music notation. Five 
students with dyslexia and four without dyslexia, age nine years, participated in the study 
by attending individual music sessions lasting 45 minutes, once a week for 5 weeks.  In a 
series of lessons that involved the use of flash cards in the process of naming, identifying, 
drawing, combining, and eventually recognizing and pointing to notes on a chart, 
students were taught to read music incrementally.  The researchers observed the 
participants carefully during each session to note mistakes and to offer help if needed.  
No clef sign was used so errors would not stem from confusion about clef representation; 
the objective was strictly to learn to recognize the notes on the staff.  “The assignments 
were designed to utilize different learning processes such as visual discrimination, 
recognizing associations, knowing associations, reproduction, and applying knowledge” 
(1998, p. 144).  Results of the study were based on an analysis of errors made by children 
in both groups and an analysis of problem-solving strategies used by the children. 
Findings showed that children with dyslexia made more mistakes than children without 
dyslexia and they took more time to complete assignments and to recognize notes in a 
posttest.  The results showed that children with dyslexia were able to learn how to read 
music notation, but they had trouble with automatization of the process.  The researchers 
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recommended that the study be replicated with a larger sample of children to further 
investigate automatization and error problems that are experienced by children with 
dyslexia in the process of reading music.    
 While much has been written based on findings in qualitative studies (Ganschow, 
Lloyd-Jones, & Miles, 1994) and in anecdotal reports about best practices for teaching 
music reading to students with dyslexia (Hubicki & Miles, 1991; Oglethorpe, 2008), 
there is a limited amount of documented quantitative research showing the effectiveness 
of relevant strategies for the teaching of music theory, particularly the reading of music 
notation, to students with dyslexia.  Burdman (2007) investigated the efficacy of using a 
multisensory approach in the teaching of staff notation recognition to fourth grade 
students.  Although the study does not directly address teaching music to students who 
have dyslexia, it is examined here to highlight the concept of using a multisensory 
approach to teach music notation.  The study also provides a model for the development 
of the measurement tool used as the dependent variable in the present study. 
 Theoretical framework for the Burdman research was designed on a brain-based 
learning theory centered on the hypothesis that spatial-temporal and spatial-visual stimuli 
used in the teaching of staff notation would augment the spatial abilities required in the 
process of reading music.  The instructional approach incorporated visual, auditory, 
kinesthetic, and conceptual learning.  
 Burdman used a transformative mixed methods approach for a sequential 
collection of data where "…qualitative data had to be collected prior to the next step in 
the sequence-collection of quantitative data" (2007, p. 78).  For the qualitative portion, 
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open-ended data were collected in the form of questionnaire and interview data from the 
teacher regarding the choice of methods for teaching music notation and whether they 
had ever used a multisensory approach in the process, and, as the study progressed, in the 
form of on-going interviews to ensure the instruction was proceeding according to 
established protocol for the study.  Quantitative data were collected with the use of 
matched pre and post testing based on Musical Notation Strands from Massachusetts 
Department of Education Arts Curriculum Frameworks (1999) that measured students’ 
knowledge of staff notation before and after treatment.  
 Participants in the quasi-experimental portion of the study were fourth grade 
students (N= 46) from three intact classes that were grouped heterogeneously (no ability 
tracking).  The absence of randomization of selection for control and treatment groups 
presented a possible limitation for external validity (Phillips, 2008).  One control group 
and two treatment groups received instruction on musical staff notation over a course of 
nine weeks.  The same teacher provided instruction to all three classes. The control group 
was taught how to read notation using an approach that involved movement and the 
treatment groups were taught to read notation using the same approach as the control 
group, but with the addition of color-coded note representation, and visualization 
exercises. 
A typical lesson for students in the treatment groups involved a color-
representation of four octaves of notes and the use of imagery and movement of their 
whole bodies as they listened to ascending or descending scales.  After experiencing the 
octaves through color, movement, and imagery, the students were asked to write notes on 
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their music writing paper using colored pencils.  A typical lesson for the control group 
was basically the same as the treatment group.  It involved movement, but did not include 
the use of color and guided imagery in the listening portion.  
 Results of the quantitative portion of Burdman's study showed that students in the 
treatment groups significantly outperformed the students in the control group on note 
discrimination tasks in the posttest.  The researcher concluded the stronger performance 
of students in the treatment groups was due to the multisensory approach of practice in 
whole-body movement, visualization through guided imagery, and color representation. 
Results of the qualitative data collected from the initial interview with the teacher 
involved in the study (prior to the onset of the study) showed a level of compatibility with 
the teacher's usual approach to teaching music and the proposed multisensory approach 
for the study that included freedom of movement and listening, as well as visual imagery. 
This established initially for the researcher that the teacher would accurately deliver the 
proposed experimental approach.  Data from the sequential interviews with the teacher 
during the study revealed that the multisensory instruction was progressing according to 
Burdman's established protocol.  Qualitative data collected at the close of the study 
revealed the teacher was thankful for the opportunity to incorporate the multisensory 
approach for teaching and would include it in future planning.  
 Burdman’s work is relevant to my research as it informs aspects of design for 
pretests and posttests that involve recognition of music staff notation, specifically the 
portion of Burdman’s pretest and posttest involving music staff notation recognition 
based on Musical Notation Strands from Massachusetts Curriculum Frameworks (1999). 
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The pretests and posttests in the current study were identical and were chosen based on 
similarity to the music notation recognition portion on ones used and validated by 
Burdman (2007). 
iPad Integration in Education 
 The following section includes a review of literature regarding the use of the iPad 
for educational purposes.  The section includes the following investigations: an 
examination of teachers' experiences with the implementation of the iPad as an 
instructional tool; a qualitative pilot study that examined educators’ and students’ 
perceptions of an e-reader program on the iPad versus traditional methods of teaching 
reading; the use of iPads for teaching science to students with moderate to severe 
intellectual disabilities; the effectiveness of iPads on student involvement in learning 
regarding which activities on the iPad are most engaging; and the effect of using an iPad 
in a single case study of a student with a reading disability and Attention Deficit 
Hyperactive Disorder.   
 Benton (2012) examined the implementation experiences of teachers’ use of the 
iPad as an instructional tool.  Hoping to provide important information on the impact the 
device had on pedagogical practice and student learning, Benton used a 
phenomenological design.  Data for the overall findings in the investigation came from 
one-on-one interviews with participants who were using the devices.  Data from 
classroom observations in the schools where the iPads were being implemented for 
teaching were also used.   
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 According to Benton, the iPad is a popular choice with educators because it “has 
built-in language and accessibility tools, and offers thousands of free and low-cost 
applications, many of which are educational in purpose” (p. 2).  Eight teachers 
participated in the study, representing three levels of schools: middle, junior, and high. 
The teachers were observed many times in the classrooms while they were implementing 
the use of iPads with students.  Benton took extensive field notes during the observations 
and interviews were transcribed for study.  According to the researcher, five major 
findings emerged from the study:  
 (1) 88% of the participants said they had received limited training on the iPad. 
More than half of the teachers said they relied on the support of colleagues for help with 
the device;  
 (2) 100% of the participants did not show that use of the iPad had influenced their 
teaching;  
 (3) 100% of the participants “facilitated curricular connections that reflected and 
addressed content or subject area goals” (p. 68);  
 (4) 75% of the participants said they relied on students at some point for help with 
the iPad; and  
 (5) 100% of the participants believed the iPad had “a positive impact on student 
engagement” and 75% believed the iPad had a “positive impact on student learning” (p. 
68).  An interesting note about student engagement was that all teachers reported that 
classroom management issues were almost non-existent when the iPads were being used. 
The students participated enthusiastically in the learning activities. 
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 Benton acknowledged a limitation of the study: because the interviews and 
observations all took place in one school district, the experiences of the teachers and 
students might not be transferable to those using the iPad in another school districts in the 
nation.  The author believed that the research “…will still provide a useful insight into the 
use of the iPad as an instructional tool” (p. 64) and concluded her dissertation with 
recommendations for future research.  One of the recommendations was for educators to 
design a study on iPad implementation that focuses on student engagement and learning. 
The relative newness of the iPad for classroom use and the fact that Benton's study was 
limited to one particular school district, and therefore not generalizable, helps to justify 
the need for the current study on the use of the iPad as a multisensory tool for teaching 
students with dyslexia.  
 Cameron and Bush (2011) explored the use of the iPad in the academic 
environment with a qualitative pilot study that examined educators’ and students’ 
perceptions of an e-reader program on the iPad versus traditional methods of teaching 
reading.  Participants in the study were seven faculty members and 35 masters students. 
The researchers analyzed students’ perceptions on the use of an e-reader program, 
iAnnotate (Aji, 2010) for the reading of course materials as well as use of the iPad as an 
instructional tool used outside of course reading assignments.  Faculty perceptions were 
examined regarding noted effects from the replacement of traditional course materials 
with digital materials.  Both faculty and student preferences were analyzed. 
 Data collection for the study involved surveys and interviews of the students and 
interviews of the faculty. Researchers noted “…in this study surveys were used to build a 
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more complete picture of the processes and perceptions of students’ experiences with the 
digital course materials” (Cameron & Bush, 2011, p. 61).  The researchers used both 
open-ended and closed questions in the interview process and the quantitative data were 
analyzed using descriptive statistics. 
 Findings showed that students perceived that reading course materials in the 
iAnnotate program on the iPad was “…as good or better than reading printed course 
materials” (2011, p. 103).  Another finding was that a majority of students found the iPad 
to be a useful educational tool and frequently used it to “…enhance personal study and 
classroom learning” (p. 103).  There was a strong recommendation from both faculty and 
students that indicated preference for the use of digital course materials.  Further, the 
researchers recommended “…a quantitative study comparing the impact on learning 
between students using printed course materials and digital course materials” (p. 137); 
this provided an impetus for my decision to use a digital tool in the instructional process 
in the current study. 
 Miller, Krockover, and Doughty (2013) conducted a pilot study to investigate the 
effect of using iPads for teaching science to students with moderate to severe intellectual 
disabilities.  Science lessons were taught to participants using two methods for delivery 
of instruction: (1) a traditional science inquiry notebook for lessons and information 
recording using pencil and paper, and (2) electronic delivery of the instruction on an iPad. 
Case studies of four students were compared for the impact of the two methods on 
"…science learning, motivation, instruction, and engagement" (p. 892).  The purpose of 
the work was to compare traditional science instructional practices that use paper and 
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pencils for lessons and record keeping with the presentation of science information to 
students via software for dictation and drawing, and writing on an iPad.  An advantage of 
the electronic method was that it included software for differentiated instruction such as 
"…text to speech capabilities, internet access, and dictation software" (p. 890).  
 Findings of the case studies showed that all of the students were successful in 
gaining science knowledge and demonstrated increased motivation with both methods of 
instructional delivery.  The researchers found, however, that all of the students showed a 
higher level of "…motivation, engagement, and independence in inquiry investigation 
with the use of the iPad electronic notebook" (p. 887).  These results inform the current 
study regarding engagement of students with dyslexia who require adaptations for 
optimal learning.  Students with intellectual disabilities were motivated and engaged in 
science learning with the use of the iPad and its available software for differentiated 
instruction (mentioned above).  Similarly, in the current study, students with 
developmental dyslexia were engaged in learning and motivated to practice on iPad 
software used to enhance learning through the app chosen for guided-practice for 
automaticity in music notation recognition.  
 Bloemsma (2013) investigated student engagement in learning via the use of the 
iPad in the classroom.  The purpose of Bloemsma's descriptive study was to explore the 
effect of the use of iPads on student involvement in learning and to determine which 
activities on the iPad were most engaging and "…transformative to teaching and 
learning" (p. 13).  Bloemsma also investigated iPad use across four curricular subjects in 
order to find recommendations for optimal educational practice.  
	  	  
	  
47 
 Fourteen high school students participated in the study.  The students were chosen 
from a school involved in a first year pilot program for the integration of iPads in four 
fields: science, mathematics, social sciences, and language arts.  After obtaining a list of 
all students in the school who were participating in the pilot program, the researcher 
randomly chose 150 from each grade level and sent letters to the students explaining the 
study and asking for consent to participate.  Due to the fact that the letter was sent out a 
week prior to the close of the school year, only 17 students returned a consent form and 
only 14 of those students completed the online survey; eleven students agreed to answer 
follow-up questions in two personal interviews with the researcher.   
 The 40 questions on the online survey pertained to how the students felt about the 
use of the iPad in the content areas noted above.  The questions asked in the personal 
interviews corresponded to the four research questions investigated by Bloemsma: (1) 
how were iPads used across the four content areas and how often, (2) what iPad activities 
were considered most and least engaging, (3) how did the use of iPads affect student 
engagement, and (4) what are some best practices and recommendations for effective use 
of iPads in  the classroom. (p. 43) 
 Students reported the most effective activities on the iPads were the ones 
involving their own creativity where they had to "…create a video or compose an essay 
using pictures and video they had taken themselves" (p. 109).  Nine out of eleven 
students in the personal follow-up interviews reported an increase in emotional 
involvement when using the iPads.  Students also conveyed in the interviews the 
importance of the need for teachers to be trained on the iPad's capabilities and well 
	  	  
	  
48 
prepared for the implementation of the device into any classroom instructional process. 
Students reported a desire for "… more frequent use of the iPads" (p. 110).  
 Bloemsma acknowledged that, due to the relative newness of the device, there is 
little research on iPad implementation in K-12 schools.  The researcher recommended 
further studies that will yield recommendations for best practices for educators who are 
required to meet 21st century teaching standards that include the use of technology in the 
form of a tablet or computer.  
 McLanahan, Williams, Kennedy, and Tate (2012) investigated the effect of using 
an iPad in a single case study of a student with a reading disability and Attention Deficit 
Hyperactive Disorder (ADHD).  A pre-service teacher was asked to tutor the student and 
to incorporate an iPad in the student's elementary reading course over a six month time 
period.  The teacher used an eBook with an app that allowed the student to record the 
student's voice while reading.  The teacher found the student had a seemingly increased 
attention span while using the iPad and by listening to the recording was able to 
understand that he was reading too fast and needed to slow down in order to understand 
the meaning of the text.  
 Using pretest and posttest assessment of the student's reading ability, the 
researchers found the student gained one year's growth in reading ability by the end of the 
six-week study.  The researchers concluded that although the results of this study with 
one student with a reading disability and ADHD were not generalizable, they felt that due 
to the student's success, the use of the iPad is worth "… serious consideration and 
research in similar contexts" (p. 20).  
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 The preceding studies on iPad integration in education support the selection of the 
device as an instructional tool in the current study.  Benton (2008) found that use of the 
iPad for classroom instruction had a beneficial influence on student engagement and 
learning. Cameron and Bush (2011) showed that students consider the iPad to be a useful 
digital tool for the enhancement of "...personal study and classroom learning” (p. 103).  
Studies by Miller, Krockover, and Doughty (2013) and McLanahan, Williams, Kennedy, 
and Tate (2012) lend support for the integration of the iPad for teaching students who 
require differentiated instruction.  Bloemsma (2013) recommended further studies to find 
best practices for educators required to meet technology standards that require the use of 
tablet or computer in the classroom. Taken collectively, these studies suggest a need to 
investigate the use of the iPad in contexts such as music learning and teaching students 
with special needs. 
Summary 
 Findings from the literature presented in this chapter that inform the current study 
are noted here: 
 (1) The symptoms of dyslexia are reported as having a connection with an   
  underlying deficit in phonological processing. Therefore, students with  
  dyslexia might have problems with symbolic interpretation, or reading the  
  symbols involved with musical staff notation. 
(2) It might be reasonable to conclude from the results of studies by Forgeard et  
  al. (2008) that students with dyslexia have inherent musical deficits that  
  contribute to their difficulty with reading music. The researchers found  
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  a strong connection between "auditory musical discrimination abilities and 
  language related skills in children" (p. 388). 
 (3) Those who have dyslexia often experience difficulty with automaticity, i.e.,  
  have an automatization deficit. Reid (2011) explained that people who  
  have dyslexia usually take a longer amount of time for processing and  
  need a  “…considerable amount of over-learning” (p. 35).  
 (4) Results of studies by Nicolson and Fawcett (1990, 2008) demonstrate that  
  with consistent practice students with dyslexia are able to develop   
  automaticity of skills. The findings are relevant to the study at hand as  
  they support the use of a guided instruction app on the iPad to help  
  students with dyslexia learn how to read music staff notation by providing  
  for extended practice and development of the skill through overlearning  
  (automaticity). 
 (5) Joshi, Dahlgren, and Boulware-Gooden (2002) examined the efficacy of the  
  multisensory approach to improve reading skills in first grade students  
  to see if there would be improvement of students’ reading comprehension  
  and phonological skills.  Results showed that the treatment was effective  
  and concluded that the higher scores of the children in the treatment group 
  could be attributed to the use of the multisensory instruction. Their  
  conclusion provides support for the use of multisensory instruction in my  
  current study. 
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(6) A multisensory instructional approach (using a theoretical framework built on 
connections from phonological and automatization deficit theories for 
students with dyslexia) should be an effective choice for teaching music 
staff notation to students with dyslexia.  
(7) The suggestions for multisensory strategies for teaching music notation 
(Hubicki, 1994, Hubicki & Miles, 1991) inform the use of the iPad in the 
current study as a tool that incorporates the sense of touch into learning. 
 (8) The research by Ganschow, Lloyd-Jones, and Miles (1994) is important to this 
  work as it provides support for the idea that students with dyslexia will  
  have problems with the reading of staff notation as symbols and it shows  
  there is an established need for further research in the field for alternative  
  ways of teaching music notation to students who have dyslexia (p. 200).     
(9) Use of the iPad has been shown to be an effective educational tool and with its 
multisensory capabilities should be an effective instructional tool for the 
practice of music staff notation for students who have dyslexia. 
 The literature presented in this chapter served as an underpinning for the current 
study.  An underlying objective for the study was to explore ways for helping students 
with dyslexia learn how to read music notation.  Examined literature pertained to the 
following areas: the use of multisensory instruction for text reading for students with 
dyslexia; theories of dyslexia that contributed to the formation of a theoretical framework 
for the decision to use a multisensory instructional approach for the teaching of music 
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staff notation to students with dyslexia; teaching music notation to students with dyslexia; 
and recent investigations about the implementation of the iPad for educational purposes.  
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CHAPTER 3 - METHODOLOGY 
 
Introduction 
 
This chapter provides a description of the procedures used to carry out the quasi-
experimental design of this study.  After the restatement of the purpose and hypothesis, 
the following aspects of the study are presented: research design, site selection, subjects 
for the study, data collection instruments, data analysis, and research validity.  Also 
included in the discussion is an overview of the music staff notation instruction employed 
in the current study and iPad implementation as it was used for the purpose of guided-
practice of music staff notation reading during the study.  
Purpose of the Study 
The purpose of this study was to examine the effectiveness of an app for guided-
practice on a tablet computer used as a multisensory instructional tool in the process of 
teaching music staff notation to students who have dyslexia.  The following research 
question was addressed in this investigation: 
Will there be a significant difference in posttest scores on an assessment for music 
staff notation recognition between students who used the tablet computer as a 
multisensory tool with an app for the guided-practice of reading music staff notation and 
students who used the tablet with general music applications? 
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Research Hypothesis 
 The research hypothesis for the investigation was stated in the null form: there 
will be no statistically significant difference between the posttest scores of staff notation 
recognition by students with dyslexia who have been taught to read staff notation by 
practicing for automaticity on the tablet compared to students who have been taught to 
read staff notation without practicing for automaticity on the tablet.   
 The independent variable was the use or non-use of an app for guided practice on 
a tablet computer (iPad) designed as a multisensory tool as an aid in the teaching and 
learning of music staff notation.  The dependent variable was the recognition of music 
staff notation as measured by scores on the posttest based on a similar assessment tool 
validated and used by Burdman (2007). 
Research Design 
 A quasi-experimental design was employed in the study.  “The quasi-
experimental design is commonly used in educational research because of the availability 
of intact groups” (Phillips, 2008).  I selected a quasi-experimental design because the 
subjects in the proposed study were third, fourth, and fifth grade students (N=72) enrolled 
in intact music classes in an academy for students with dyslexia and co-morbid learning 
differences.  Numerical data to measure the results of the study were collected using the 
pretest-posttest nonequivalent groups design, diagrammed below in Figure 1:   
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O1   X   O2 
O1   C   O2 
Figure 1. Diagram of Research Design.   Note: The symbol X represents the experimental 
groups, C represents the control groups, O1 represents pretests, and O2 represents posttests 
(Phelps, Sadoff, Warburton & Ferrara, 2005).  
Timeframe 
 
 The study took place during the final two months at the close of the 2013 school 
year.  The pretests were administered to the students prior to the onset of the structured 
music notation lessons and the students took the posttests during the final week of music 
lessons.  The instruction for music staff notation occurred over a period of 7 weeks (in 
between pretest and posttest) in a series of 16 lessons. Permission from Boston University 
IRB was granted the week prior to the beginning of the study and a letter of information 
(see Appendix I) about the study was sent to parents through email before the onset of the 
study.  Parents were given the option to refuse participation of their child in the study.  
An assent script (see Appendix J) was read to the students prior to the onset of the study 
to inform them that participation in the research was completely voluntary and that they 
had the right to choose not participate if they so desired.  All students chose to participate 
in the study.  
Site and Subject Selection 
 
 The site chosen for the study was an academy for students with dyslexia where I 
was a long-term substitute music teacher.  It is located in the suburbs of a major city in 
the northeast of the United States.  The academy, licensed as a special education school 
for children with learning disabilities, has received recognition from top research-based 
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programs including Louisa Moats’ LETRS and Wilson Reading System.  Enrollment at 
the academy has grown from 27 students at its inception in 2006 to the enrollment in 
2013 of 210 students in grades 1-12.  The academy provides service to families in the 
surrounding metropolitan and suburban areas with a socioeconomic status ranging from 
low to high income.  Financial aid is available to students on a qualified basis.  
 The subjects in the study were third, fourth, and fifth grade students, (N=72), all 
of the students enrolled in intact music classes in an academy for students who have 
dyslexia and co-morbid learning differences.  There were two 3rd grade classes, one 4th 
grade, and two 5th grade classes at the academy and students had been randomly placed 
in the classes by the administration prior to the development of this study.  This 
randomization occurred at the beginning of the school year in order to equalize class 
sizes.  All students at the academy have language-based learning disabilities/differences 
which include dyslexia, and possibly dysgraphia (difficulty with handwriting) and 
dyscalculia (difficulty with numbers).   
 All students at the academy must have had a full psycho-educational evaluation 
within two years for consideration for admittance to the school.  This factor verifies the 
legitimacy of groups for the research in the current study and defines the population with 
authority.  The psycho-educational evaluations include a number of assessments but each 
one includes an intelligence test such as the Wechsler Intelligence Scale for Children 
(WISC). Students at the academy have average to above average IQs.  The students had 
received little or no previous instruction on reading music staff notation before the 
current study. 
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 Prior to the beginning of the instructional period for the current study, a 
cooperating music teacher at the academy split the classes in half by randomly drawing 
names of the students and placing them in two groups (control and treatment).  Since the 
students are randomly placed in the classes at the academy, the occurrence of co-
morbidity for both treatment and control groups would be similar; that is, the diversity of 
challenges among the students would be similar due to the randomness of class 
assignment.    
 Table 1 provides a percentage breakdown of students in the study by grade, age, 
and number of students in treatment (37) and control (35) groups.  The students were 
predominantly male (63.2%).  As stated previously, students were randomly assigned to 
the classes and the students in both the control and treatment groups were randomly 
assigned in each class by a drawing of names.  Since the subjects in the study were 
minors, a letter of information was sent to their parents asking for permission for their 
children to participate in the study (Appendix I).  All parents chose to have their students 
participate in the study.  Before the actual research began, I explained the purpose of the 
study to the students and told them their participation was completely voluntary 
(Appendix J).  Students had the option for non-participation if they so desired. No 
students asked to be excluded from the study. 
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Table 1  
Subject Demographics 
Age Percentage 
of Students 
Grade Percentage 
of Students 
Number of 
Students in 
Treatment 
Number of 
Students in 
Control 
9 41.3 3 36.8 13 12 
10 25.3 4 19.7  6  7 
11 33.3 5 43.4 18 16 
 
  
 In accordance with standard practice, I submitted an application to the Boston 
University Institutional Review Board (IRB) for exempt status since the study involved 
normal education practice and would take place in an established educational setting.  
Permission to conduct this study was granted by the IRB and a copy of the letter of 
permission can be found in Appendix K. 
Procedures 
 This study took place at an academy where I was employed as one of two 
cooperating music teachers.  All participants in the study were taught a series of sixteen 
lessons on reading music notation in sixteen classes over a period of 7 weeks.  The 
regular music classes were 50-minute periods.  Prior to the beginning of the 7-week 
period, the cooperating music teacher at the academy split the classes in half by randomly 
drawing names of the students and placing them in two groups (control and treatment). 
The cooperating teacher and I exchanged groups halfway through each class period; the 
cooperating teacher led music procedures that did not include music notation and I taught 
the reading of music staff notation.  I taught the same series of lessons for music staff 
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notation recognition to both control and treatment groups; however, the students in the 
treatment groups spent 10 minutes at the end of each lesson period using a guided-
practice music notation app on the iPad. Control and treatment groups each had 10 
minutes for use of iPads (control groups played general music games); only the treatment 
groups had access to the music notation guided-practice app.  
 I administered both the pretest and posttest to each group of students.  I gave the 
pretest during the week before the structured music notation lessons began and the 
students took the posttest during the final week of music lessons.  The students took the 
tests in the same room, a room adjacent to the music room.  They were seated at a large 
boardroom-like table with stools and a suitable amount of space between each student. 
The room was well lighted with little or no distractions.  They were given 40 minutes for 
each test and no student during either the pretest or posttest asked for more time.  Due to 
the fact that most students had had little to no instruction on music notation recognition 
prior to the pretest, they all finished the pretest in less than 10 minutes.  Most of the 
students took the full 40 minutes allotted for the completion of the posttest.  The students 
were not asked to guess at the notes; they were asked only to write the names of the notes 
they recognized.  The pretest and posttests are described in detail below. 
 I graded all of the pretests and posttests by marking the answers that were 
incorrect and marking the score of the number of correct answers out of the possible 196 
at the top of each test.  There were no names on the tests. Each of the pretests and 
posttests was marked in the top left-hand corner with a number for the purpose of data 
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record keeping.  To make sure there were no errors in the grading process, I graded each 
test twice.  
Music Staff Notation Instruction 
I taught the same series of lessons for music staff notation recognition to both 
control and treatment groups.  I kept a daily log to ensure that both the control and 
treatment groups received the same direct instruction for music staff notation recognition 
each lesson period.  The period was 25 minutes, broken into two segments (15 minutes 
for music notation instruction and 10 minutes for use of iPads), occurring over 7 weeks 
and sixteen classes.  The students in the treatment groups spent 10 minutes at the end of 
each lesson period using the guided-practice music notation app on the iPad.  Control and 
treatment groups each had 10 minutes for use of iPads (control groups played general 
music games); only the treatment groups had access to the music notation app. 
The decision to include the use of iPads for control groups as well as treatment 
groups was to try to prevent the "John Henry Effect" as noted by Campbell and Stanley 
(1963).  Students in control groups might work harder than usual if they became aware of 
the fact that they were not using iPads, as were their classmates in their music lessons 
with me.  
 The 15-minute music notation instructional periods were organized in a logical 
progression, from introduction to treble clef notes, with a basic overview of middle C and 
the grand staff in the first period, to the addition of all the notes on the lines and spaces 
from F2 to G5 throughout a total of 16 instructional periods over a course of the seven 
weeks.  
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 The first part of every session included instruction on music staff notation (treble 
and bass staff orientation, grand staff orientation, and note name introduction and note 
recognition opportunities for students).  The music notation instruction was presented in a 
variety of ways in order to reach all types of learners, including, but not limited to, Smart 
board with musical staff, note spellers on paper with notes arranged in words with a code 
across the top of page (the students were asked to fill in the note letters to see the words 
that were formed by the code), and large musical staff on the floor made with masking 
tape and movable construction paper notes.  
 A typical lesson about the treble or bass clef, using a Smart board, included a 
music staff with either treble or bass clef sign to introduce the notes on lines E, G, B, D, 
F (treble clef) or G, B, D, F, A (bass clef) in the first screen and spaces F, A, C, E (treble) 
or A, C, E, G (bass) on the second screen.  The third screen included the notes on lines 
and spaces for either treble (E bottom line through F top line) or bass (G bottom line 
through A top line).  Grand staff orientation included instruction for the notes connecting 
the treble and bass clefs (B, middle C, and D) as well as low F2 and high G5.  Notes were 
introduced incrementally.  
 In addition to teaching traditional ways to remember the names of the notes (e. g., 
Every Good Bird Does Fly, etc.,) I gave the students opportunities to approach the Smart 
board to practice what they had been taught by choosing notes from the side of the screen 
to place on the proper line or space on the staff.  I paid careful attention to make sure all 
students had an opportunity to approach the board for hands-on learning.  The 
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instructional periods always concluded with a brief question and answer period, for 
closure of music staff recognition lessons, before the use of iPads.   
iPad App Used for Treatment Group 
 The guided-practice game used in the current study was an iPad app for learning 
music notation called My Note Games (Appatta Ltd., 2011).  Choice of this app for the 
current study was driven by several reasons.  First, the app had to be consistent with the 
underlying theoretical positions presented in chapter 2.  The app needed to be 
multisensory (students can hear, see, and touch the music notes), and it needed to allow 
students to practice for automaticity.  Second, it needed to be consistent with the 
recommended criteria for the selection of instructional games by Roblyer & Doering 
(2010).  The first suggestion is that instructional games should have appealing formats 
and activities, with levels that can be matched to the abilities of the learners.  The second 
suggestion is that games should be examined for their instructional value.  A third 
suggestion is that “…students will be motivated rather than frustrated by the activities” 
(p. 92), and the fourth criterion is that games should be chosen with “…social, societal, 
and cultural considerations in mind” (p. 92).  Roblyer & Doering stated that drill-and-
practice, instructional games, and simulation software can “provide practice tailored to 
individual skill needs and learning pace" (p. 46).   
The app chosen for the guided-practice exercises on the iPad meets all of Roblyer 
and Doering’s criteria for good instructional software.  The app is appealing and students 
may advance in levels depending on their ability (Appendix B).  Students are motivated 
to progress through the levels by comments that appear on the screen (Appendix C).  The 
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game is educational and includes aspects of music learning apart from music notation 
practice.  For example, an aspect of the app allows students to play instruments along 
with the notes on the staff.  Students may choose the instrument to play along (piano, 
soprano recorder, etc.) or may choose to use their fingers as an instrument (Appendix D 
and E) and tap the notes on the staff (Appendix F).  Only the part of the app that deals 
with music staff notation recognition was used for guided-practice.   
 Although some educators might find guided-practice software outdated and prefer 
to use software devised with more of a constructivist approach (e.g., software that 
encourages students to explore and follow their own interests for learning), Robyler & 
Doering (2010) noted that there are some functions of software that can be used in either 
“directed or constructivist ways, depending on how they are designed” (p. 77).  The tablet 
app used in the study is instructional music notation software that incorporates both 
directed (objectivist) and constructivist ways of learning in that it is a guided-practice 
operation that also provides pathways for students to develop their learned skills farther 
through the exploration of different ways to use the musical notes.  This includes reading 
melodies of their choice and playing along with an instrument.  “Software based on 
constructivist ideas allows the user to derive some meaning from the experience of using 
it, which is not typically a result of drill-and-practice software” (Dorfman, 2006).   
iPad Implementation 
Control and treatment groups each had 10 minutes for use of iPads after each 
music notation instructional period.  Only the treatment groups had access to the music 
notation game app.  Control groups were able to choose from music game apps that did 
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not include any aspects of reading music staff notation.  I verified this by downloading all 
of the general music apps on my own iPad and checking them thoroughly for inclusion of 
note reading.  The following apps are examples of the general music apps used by the 
students in the control groups:  
Soundrop (https://itunes.apple.com/us/app/soundrop/id364871590?mt=8)  
Simple Music (https://itunes.apple.com/us/app/simple-music/id392986789?mt=8) 
Meow Memory Music (https://itunes.apple.com/us/app/meow-memory-music-
free-fun/id511624625?mt=8)   
VidRhythm (https://itunes.apple.com/us/app/vidrhythm/id457548851?mt=8)   
 I borrowed nine iPads for the study from a local university.  This was an 
applicable number since there were no more than 9 students at a time in either control or 
treatment group.  Students seemed eager to try the iPads.  I had downloaded five music 
games for the students in the control groups to use during iPad time.  I downloaded the 
music notation app (My Note Games) on each iPad and purchased the “Tap That Note” 
portion for use with all the levels.  The students in the treatment groups only worked on 
the music notation app.  I told the students in the control groups they were to choose one 
of the music games and not to open My Note Games.  Since there were no more than 9 
students in each group, I was able to monitor the students in the control groups to make 
sure they did not open the treatment app.  
 There is an aural component to the guided-practice app.  The pitches of the 
practiced notes are sounded simultaneously with a child’s voice saying the name of each 
note.  I purchased headphones with ear buds for each student to use with the iPad.  
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During the first class period, I realized that some of the ear buds were too big for the 
students.  For the second session, and all sessions thereafter, I borrowed headphones with 
large ear coverings from the music room to use with students who complained about the 
headphones with ear buds.  I used sterile pads to clean all ear buds after each session. 
 I gave initial instruction for the music notation app to the treatment groups and 
had the students create their own profile on the app so the program could keep their work 
from class to class.  Students in the treatment groups quickly became involved in the 
notation app and were very interested in moving through the levels.  Students moved 
through the levels at their own pace and were able to repeat the exercises in each level as 
many times as they felt necessary to learn the material.  This promoted the concept of 
overlearning that was shown to be effective in Nicolson and Fawcett's theory (1990) of 
automaticity.   
 I noticed that students in both the treatment and control groups enjoyed the use of 
the iPad and responded positively to its multisensory capabilities.  Such capabilities 
included the way they could move images on the screen with their fingers and manipulate 
the size of images or words on the screen by the swiping of the thumbs and fingers. 
Students in the control groups had fun trying the different games.  They especially liked 
the ones that included different levels of play so they could challenge themselves and 
each other to reach higher levels.  
 The iPads were arranged and numbered so students could find their way to their 
iPad and use the same one for every session.  This was important for students in the 
treatment groups who logged in to the music app every session to begin at their 
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previously attained level.  The app is designed in such as way that students may always 
repeat and review levels of learning.  I cleaned all iPad screens with a sterile wipe after 
each session.  
 Students adjusted well to the routine of each iPad session.  They were able to get 
over the excitement of having an iPad to use and would quickly become quiet at the 
beginning of each session to listen for my instructions.  The treatment groups were able 
to work their way through different levels of guided-practice for note recognition, 
beginning with treble staff notes and progressing through bass staff notation. The musical 
notes on the staff for practice ranged from F2 to G5.  
Data Collection Instruments 
 The dependent variable data were collected with the use of pretests and posttests 
on staff notation recognition.  These tests were grand staff (treble and bass clef) note 
recognition measures (Appendix A) obtained from Sheet Music Online 
(http://www.sheetmusic1.com/music.rack.html), a website that offers music assessment 
materials free for educational purposes.  The pretests and posttests were identical and 
were chosen based on similarity to the music notation recognition portion on ones used 
and validated by Burdman (2007), (see Figure 2), in an experimental study teaching 
music staff notation to fourth grade students.  Burdman’s pretest and posttest measures 
were based on “Musical Notation Strands of Massachusetts Curriculum Frameworks to 
measure students’ baseline knowledge of staff notation” (p. 79).  This helped to ensure 
that the instrument for testing was a valid and reliable choice for measuring the effects of 
the treatment variable.   
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Figure 2.   Portion of Assessment for Music Notation Recognition (Burdman, 2007) 
 
 
 The tests for music staff notation recognition were given to the students at the 
beginning and end of the 7-week instructional period.  There were 196 items on the test. 
Students were presented with musical notes on a grand staff and were asked to write the 
name of the notes on the lines below each note (see Appendix A).  The score was 
obtained by counting the number of notes identified correctly.  The notes tested were the 
same ones taught in the series of classes on music staff notation, ranging from F2 to G5.  
Data Analysis 
 A mixed-design analysis of variance (ANOVA) was used to test the null 
hypotheses by analyzing the equality of means between the treatment and control groups 
before and after the treatment.  One benefit of using ANOVA is that “…it can examine 
the simultaneous effect of two, three, or four independent variables” (Phelps, et al., 
2005).  The independent variable in this study was the use or non-use of a guided-practice 
app for music staff notation on a tablet computer (iPad) used as a multisensory tool in the 
process of teaching.  The dependent variable was the score on a measure of recognition of 
music staff notation as noted above.   
 Analysis was conducted to test interaction between the variables in order to 
determine whether there were differential treatment effects for the treatment and control 
groups, specifically to see if the difference in means between control and treatment was 
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larger after the treatment.  The results of the study were calculated using the statistical 
software SPSS version 20.  Eta-squared was used to measure the effect size of the 
treatment and a follow-up dependent t-test was employed to determine if there was a 
difference between the pretest and posttest scores for the control group.  Levene’s Test of 
Equality of Error Variances was used to determine if the variances of the test scores were 
equal from one group to another, a test done for both the pre- and posttest scores.  A 
follow-up t-test was employed to determine if there was a difference between the pretest 
and posttest scores for the control group.   
 Although not formally part of the research purpose, possible differences by grade 
and gender were of some interest.  Follow-up tests were also done to assess whether there 
were differences in the treatment effect between males and females, and between 
different grade levels.  For this reason, a three-way interaction was used to test if gender 
or grade had an impact. 
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CHAPTER 4 - RESULTS 
 
 
The purpose of this study was to examine the effectiveness of an app for guided-
practice on a tablet computer used as a multisensory instructional tool in the process of 
teaching music staff notation to students who have dyslexia.  The following research 
question was addressed in this investigation: 
Will there be a significant difference in posttest scores on an assessment for music 
staff notation recognition between students who used the iPad as a multisensory tool with 
an app for the guided-practice of reading music staff notation and students who used the 
tablet with general music applications? 
Research Hypothesis 
 The research hypothesis for the investigation was stated in the null form: there 
will be no statistically significant difference between the posttest scores of staff notation 
recognition by students with dyslexia who have been taught to read staff notation by 
practicing for automaticity on the tablet compared to students who have been taught to 
read staff notation without practicing for automaticity on the tablet.   
 The independent variable was the use or non-use of an app for guided practice on 
a tablet computer (iPad) designed as a multisensory tool as an aid in the teaching and 
learning of music staff notation.  The dependent variable was the recognition of music 
staff notation as measured by scores on the posttest based on a similar assessment tool 
validated and used by Burdman (2007).  
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Results 
 In order to answer the research question, the data used to tabulate results of the 
study were collected with the use of pretests and posttests on music staff notation 
recognition.  The general hypothesis was that the scores would be no different before the 
instruction, but would be significantly different after the instruction, with the posttest 
scores being higher for the treatment group.  The results of the current study were 
calculated using the statistical software SPSS version 20.  
The differences in the means of the treatment and control groups before and after 
the treatment were determined by using a mixed-design analysis of variance (ANOVA). 
This method of analysis is applicable when a factorial design is used where there are one 
or more within-subject factors and one or more between-subject factors (Asmus & 
Radocy, 2006).  An advantage of the mixed-design ANOVA is that it allows one to test 
the main effects of each of the variables separately; however, the primary focus of the 
current study was to test interaction between the variables in order to determine whether 
there were differential treatment effects for the treatment and control groups, specifically 
to see if the difference in means between control and treatment was larger after the 
treatment, as hypothesized.  A mixed-design ANOVA was beneficial for testing 
interaction between the variables.  In order to test the interaction, a level of significance 
of .05 was chosen, the conventional level of significance for statistical tests in the social 
sciences (Kirk, 2013).  
Means, standard deviations and sample sizes (N) are displayed for the control and 
treatment groups for the pretest and posttest conditions in Table 2.  
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Table 2   
 
Pretest and Posttest Means by Group 
  Group Mean Standard Deviation N 
Pretest Control 20.97 18.86 33 
Treatment 18.05 20.17 39 
    
Posttest Control 35.91 30.34 33 
Treatment 71.56 43.63 39 
    
 
 Table 3 displays the results of analysis of differences of the groups at the time of 
the pretests, F (1, 70) = .40, p = .531.  Table 4 displays the results of analysis of 
differences of the groups at the time of the posttests, F (1, 70) = 15.63, p = .000. 
Table 3 
Analysis of Variance of Pretest Scores 
Pretest Sum of 
Squares 
Df Mean Square F Significance 
Between 
Groups 
(Combined) 
 
152.24 
 
1 
 
152.24 
 
.40 
 
.531* 
Within 
Groups 
 
26838.87 
 
70 
 
383.41 
  
Total 26991.11 71    
 
Note: *p > .05 
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Table 4 
Analysis of Variance of Posttest Scores 
Posttest Sum of 
Squares 
Df Mean Square F Significance 
Between 
Groups 
(Combined) 
 
22724.13 
 
 1 
 
22724.13 
 
15.63 
 
.000* 
Within 
Groups 
 
101784.32 
 
70 
 
    1454.06 
 
 
 
Total 124508.44 71    	  
Note: *p < .05 
 
 
 
Figure 3.  Estimated Marginal Means  
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Table 5 displays the results of the test of interaction between treatment and pretest 
versus posttest, showing the interaction effect, F (1, 70) = 22.65, p = .000.  A significant 
interaction was demonstrated at the .05 level of significance.  This is an indication of 
differences between the treatment and control groups between the pretests and posttests. 
Figure 3 shows this interaction effect graphically for both groups before and after 
instruction. 
Table 5  
Tests of Within-Subjects Effects 
Source Sum of 
Squares 
Df Mean 
Square 
F Significance 
Pre versus 
Posttest 41878.49 1 41878.49 71.32 .000* 
Interaction 13298.19 1 13298.19 22.65 .000* 
Error (PrePost) 41103.81 70     587.20   
 
Note: *p < .05 
    
 
Before any post-hoc tests, it can be seen that there is no significant difference at 
the pretest, but the treatment group significantly outperformed the control group on the 
posttest.  The exact means for both the pretests and posttests of the control and treatment 
groups are displayed in Table 2.  The difference between the means of the treatment and 
control groups on the pretest was 2.92, with the control group being above the treatment 
group, while the difference between the means of the treatment and control groups on the 
posttest was 35.65, with the treatment group being above the control group.  
 In order to measure the effect size of the treatment, eta-squared was used. Eta-
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squared shows the percent of variance explained in one variable by one or more other 
variables.  The calculated eta-squared for the interaction was .244. This tells us that 
approximately 24% of the treatment effect can be explained by the treatment. According 
to Cohen (1988), any eta-squared value equal to or greater than .1379 is a large treatment 
effect.  Since the calculated eta-squared, .244, exceeds .14, the effect of the treatment is 
considered large. 
 Along with the interaction between treatment and pretest versus posttest, the 
results of the test of the main effect for the overall difference between the pretests and 
posttests can be seen in Table 5.  There was a significant difference found overall 
between pretests and posttests, F (1, 70) = 71.32, p = .000.   Although we can tell from 
the graph in Figure 3 there is a difference for the treatment group, it is unclear whether 
the overall difference between the pretests and posttests pertained to the control group as 
well as the treatment group, or whether the difference could be attributed to the large 
difference in the treatment group.   
To determine if there was a difference between the pretest and posttest scores for 
the control group, a follow-up dependent t-test was employed, t (32) = 2.60, p = .014. 
The mean difference of 14.94 points was therefore found to be significant; however, a 
difference would be expected since the control group also received regular instruction in 
recognizing music staff notation.  
Assumptions of Analysis of Variance 
Homogeneity of variance is one of the assumptions of analysis of variance. 
Basically, the implication of this assumption is that there is homogeneity across groups in 
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the variance of the scores of the dependent variable.  Levene’s Test of Equality of Error 
Variances was used to determine if the variances of the test scores were equal from one 
group to another, a test done for both the pre and posttest scores.  Results indicated there 
were no significant differences for the pretest (p = .804), but there was a significant 
difference for the posttest at the .05 level of significance (p = .017).  
The results showing significant differences in standard deviations at the posttest 
are an indication that the treatment affected the variance in the scores more for one group 
than the other.  The sample standard deviations can be seen in Table 2 indicating 18.86 
for the control group and 20.17 for the treatment group.  The control group standard 
deviation increased to 30.34 at the posttest, while the standard deviation in the treatment 
group increased to 43.63.  Therefore, while both standard deviations seemed to increase 
for both groups, the standard deviation increased more for the treatment group. 
 Normality of the distribution of scores around the mean is another assumption of 
analysis of variance.  If a distribution of group scores is not normal, e.g., “…scores 
bunching around the high or low ends of the distribution” it is considered skewed 
(Phillips, 2008, p. 176).  The concern about any lack of normality has to do with the 
effect of skew upon the mean.  Skewed data can increase or decrease a mean, so that the 
mean is no longer representative of the data as a whole.  The result might be that the test 
might incorrectly show significant results simply based upon the effect upon a few 
individuals.  
In order to check that assumption, frequency distributions of scores for both 
groups were created for the pretest and posttest scores.  These frequency distributions can 
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be found in Appendix H.  A significant skewed effect can be found for both groups in the 
pretest. For the posttest, the control group scores appeared to still be skewed.  However, 
the treatment group’s posttest scores appeared to be more normally distributed.  
The difference in the posttest seems to indicate that the treatment appears to also 
impact the shape of the distribution.  The treatment appears to have had an effect upon 
the group as a whole, increasing the scores of students at the lower end as well.  The 
distribution of the control group still appears positively skewed.  So there are still a large 
number of students at the lower end, with only a few students being positively impacted 
by the use of the iPad by the control group without the app used by the treatment group.  
The violation of the assumption of normality would not negate the impact of the 
treatment.  On the contrary, the fact that the control group was skewed indicates that the 
control group’s mean was not representative of the group as a whole.  If the outliers had 
been removed from the control group, it would have shown even more of a difference 
between the groups. 
The only group that was somewhat normally distributed was the treatment group 
posttest.  The kurtosis indicator for that group was calculated: .096 (SE = .741).  Dividing 
the kurtosis value by its standard error, a z-value was obtained.  In this case, the 
calculated z-value was .13, which was not significant.  To be significant, it would have to 
have been greater than 1.96 or less than -1.96.   
Follow-up Tests 
 One follow-up question is whether there was a significant difference in the 
amount learned for the control group. In other words, was the traditional music notation 
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instruction minus the iPad guided-practice app effective?  To determine if there was a 
difference between the pretest and posttest scores for the control group, a follow-up t-test 
was employed, t (32) 2.60, p = .014.  Thus, there was a significant difference.  The mean 
difference of 14.94 points was found to be significant; however, a difference would be 
expected since the control group also received regular instruction in recognizing music 
staff notation.  One would therefore conclude the traditional music notation instruction 
minus the iPad guided-practice app was effective at raising the level of achievement.  
Gender and Grade Level Considerations 
 Tests were done to assess whether there was a difference in the treatment effect 
between males and females, and between different grade levels.  A three-way interaction 
was used to test if gender or grade had an impact.  There was no significant interaction 
with gender, F (1, 70) = .031, p = .862.  There was also no significant interaction with 
grade level, F (1, 70) = 1.213, p = .304.  
 Based upon these results, there appears to be no impact of gender or grade level 
upon the treatment.  The effect appears to be the same, whether students are male or 
female, or whether they were in third, fourth, or fifth grade. 
Research Validity and Reliability 
 Research validity was addressed in several ways in the current study.  The chosen 
design of the pretest and posttest was similar to tests used by Burdman (2007) in an 
experimental study teaching music staff notation to fourth grade students. Burdman’s 
pretest and posttest measures were based on “Musical Notation Strands of Massachusetts 
Curriculum Frameworks to measure students’ baseline knowledge of staff notation” (p. 
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79).  This ensured that the instrument for testing was a valid and reliable choice for 
measuring the effects of the treatment variable.   
 The process of testing is a possible threat to internal validity and the taking of a 
pretest may sensitize the students to the posttest.  The pretests and posttests in the current 
study were separated by 7 weeks and were identical.  Since the instruction on music staff 
notation recognition was delivered over a seven-week period, the researcher felt test 
sensitivity would not be a problem.  The results of the pre and posttests were compared 
for any ceiling and floor effects (Phillips, 2008).  
 Selection can be a threat to internal validity if the control group and the treatment 
group are not homogenous.  All students at the academy have language-based learning 
disabilities/differences which include dyslexia, dysgraphia and dyscalculia, so the 
students in the music classes for the proposed study were all considered to have some 
form of dyslexia.  The students in the control and treatment groups had received 
cognitive testing such as the WISC prior to enrollment in the school and all students had 
average to above average IQs.  Many of the students had attended the academy since its 
inception and had been taught by the same music teacher.  The students have received 
little or no previous instruction on reading music staff notation at the academy.  
 One possible threat to external validity for the current study was that intact classes 
were used; there was no random overall selection of students for the study since the 
students had already been enrolled in the classes.  However, the students had been 
randomly assigned to the music classes by the academy prior to the development of the 
current study.  The cooperative music teacher, not the researcher, randomly determined 
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which groups were to receive the treatment of the use of the music notation app on the 
iPad. 
Summary 
 The dependent variable data used to tabulate results of the study were collected 
with the use of pretests and posttests on music staff notation recognition.  The differences 
in the means of the treatment and control groups before and after the treatment were 
determined by using a mixed-design analysis of variance.  The results of the test of 
interaction between treatment and pretest versus posttest showed an interaction effect, F 
(1, 70) = 22.65, p = 000.  A significant interaction was discovered at the .05 level of 
significance.  
Findings showed that there was no significant difference between means for the 
pretest, but the treatment group significantly outperformed the control group on the 
posttest.  The difference between the means of the treatment and control groups on the 
pretest was 2.92, with the control group being above the treatment group, while the 
difference between the means of the treatment and control groups on the posttest was 
35.65, with the treatment group being above the control group.  
 Eta-squared was used to measure the effect size of the treatment. Eta-squared 
shows the percent of variance explained in one variable by one or more other variables. 
The calculated eta-squared for the interaction was .244, which means that approximately 
24% of the treatment effect can be explained by the treatment, an effect that would be 
considered large according to Cohen (1988).  Along with the interaction between 
treatment and pretest versus posttest, the main effect for the overall difference between 
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the pre and posttests was tested.  There was a significant difference found overall 
between pre and posttests, F (1, 70) = 71.32, p = 000. 
A follow-up dependent t-test was employed to determine if there was a difference 
between the pretest and posttest scores for the control group, t (32) 2.60, p = .014.  The 
mean difference of 14.94 points was therefore found to be significant; however, a 
difference would be expected since the control group also received regular instruction in 
recognizing music staff notation.  While traditional instruction was effective for raising 
the level of achievement for the control group, the difference for the treatment group was 
much larger and more effective.   
Tests were done to assess whether there is a difference in the treatment effect 
between males and females, and between different grade levels.  No significant 
interaction was found with either gender or grade level.  The effect appears to be the 
same, whether students are male or female, or whether they are in third, fourth, or fifth 
grade.  These results are limited to the current study. 
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CHAPTER 5 - CONCLUSIONS 
 
 The final chapter of this dissertation unfolds with a restatement of the purpose of 
the study and the research hypothesis, followed by a response to the hypothesis, and a 
discussion of the results of the findings of the research.  Implications of the study for 
music education, and suggestions for future research are addressed.  The chapter 
concludes with an overall summary of the study. 
Purpose of the Study 
 The purpose of this study was to examine the effectiveness of an app for guided-
practice on a tablet computer used as a multisensory instructional tool in the process of 
teaching music staff notation to students who have dyslexia.  The research hypothesis for 
the investigation was stated in the null form: there will be no statistically significant 
difference between the posttest scores of staff notation recognition by students with 
dyslexia who have been taught to read staff notation by practicing for automaticity on the 
tablet compared to students who have been taught to read staff notation without 
practicing for automaticity on the tablet.   
 The independent variable was the use or non-use of an app for guided practice on 
a tablet computer (iPad) designed as a multisensory tool as an aid in the teaching and 
learning of music staff notation.  The dependent variable was the recognition of music 
staff notation as measured by scores on the posttest based on a similar assessment tool 
validated and used by Burdman (2007).  
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Response to Hypothesis 
The differences in the means of the treatment and control groups before and after 
the treatment were determined by using a mixed-design analysis of variance.  Findings 
showed that there was no significant difference between means for the pretest; the 
difference between control (M =20.97, SD = 18.86) and treatment (M = 18.05, SD = 
20.17) groups on the pretest was 2.92, with the control group being above the treatment 
group.    
The difference between the means of the treatment (M = 71.56, SD = 43.63) and 
control (M = 35.91, SD = 30.34) groups on the posttest was 35.65, with the treatment 
group being above the control group.  In order to measure the effect size of the treatment, 
eta-squared was used.  Eta-squared shows the percent of variance explained in one 
variable by one or more other variables.  The calculated eta-squared for the interaction 
was .244.  This tells us that approximately 24% of the treatment effect can be explained 
by the treatment.  The overall conclusion of the study was that the use of the iPad as 
multisensory tool for the use of a guided-practice app in conjunction with instruction was 
more effective at increasing the ability of students to recognize musical notation than just 
using instruction alone.  Within the framework of the current study, the effect was 
significant.  Therefore, the null hypothesis was rejected.  
Generalizability 
 
“The ability to generalize research findings to a larger population is at the heart of 
experimental research” (Phillips, 2008, p. 162) and randomization is a key requirement of 
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generalization.  Students had been randomly placed in the classes by the academy prior to 
the development of this proposal and the clusters of students in both the control and 
treatment groups were randomly assigned. 
 Since this was a quasi-experimental study, and the subjects for the study were 
students in intact music classrooms, the results need to be interpreted cautiously.  The 
inclusion of a pretest, however, showed virtually no initial differences between the 
control and treatment groups.  Results of posttests indicated the use of a guided-practice 
app on the iPad as a multisensory tool in conjunction with instruction was more effective 
at increasing the ability of students to recognize musical notation than using general 
music apps on the iPad and instruction. 
Discussion 
The overall conclusion of the study was that the use of the iPad as a multisensory 
tool for the use of a guided-practice app in conjunction with instruction was more 
effective at increasing the ability of students to recognize musical notation than using 
general music apps and instruction.  This is an exciting conclusion because it means that, 
for this particular study, the students who were able to use the iPad app for practicing 
music note reading retained the information and were able to recognize and name the 
notes when presented with a music grand staff in a posttest.  The possibility therefore 
exists that the same students who performed well on the posttest would, with consistent 
practice, be able to use that information for the playing of a musical instrument, either on 
their own, or in an ensemble setting.  And if that ability were to be fostered in future 
music study, new music learning and playing possibilities would be available to the 
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students.  
  The positive interaction effect in the findings is also exciting because it shows 
that using an iPad app for guided-practice has the potential to help these students with 
disabilities, defined in this study, move information into their long-term memory. 
Findings from Nicolson and Fawcett's research (2008) showed that students with dyslexia 
often experience difficulty with automatic recall, but can, with extensive practice in 
systematic and incremental steps, acquire a certain amount of automaticity.  Reid (2011) 
maintained that most students could acquire automaticity by repeatedly practicing skills; 
however, students with dyslexia take a longer amount of time to grasp new information to 
the point where it can be recalled automatically.  Findings of the current study show that 
the students in the treatment groups, with the repeated use of the guided-practice app on 
the iPad, acquired a greater ability to recognize music staff notation.  Granted, we do not, 
at this point, know how long these students will retain the information, but the possibility 
exists that it could be long lasting.  
 Over the course of the investigation, I also became curious to know if gender or 
grade level would have an effect on the results of the testing.  After the data were 
collected, tests were done to assess whether there was a difference in the treatment effect 
between males and females, and between different grade levels.  A three-way interaction 
was used to test if gender or grade had an impact.  There was no significant interaction 
with gender.  
 There was also no significant interaction with grade level.  Based upon these 
results, there appears to be no impact of gender or grade level upon the treatment; the 
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effect appears to be the same, whether students are male or female, or whether they were 
in third, fourth, or fifth grade. 
Two potential concerns with the study have to do with time of exposure to the 
instructional material and the researcher as instructor.  Those in the treatment group had 
more exposure to identifying musical notation through the time they spent on the iPad 
guided-practice app.  However, the purpose of this study was to see if the increased 
exposure through guided-practice of the iPad app would make a difference for the 
students in the treatment groups.  The control groups had all the same experiences, except 
for the guided-practice app.  This helps to negate the other variable.  
In addition, the fact that the researcher was doing the musical notation instruction 
may have affected the results since I may have subconsciously biased the instruction 
toward the treatment group.  However, given the large treatment effect, it would be hard 
to draw the conclusions that these factors would have made that significant a difference. 
And it should be noted that both treatment and control groups made significant 
improvement over the course of the instruction.  Nonetheless, more research is needed to 
definitely address these concerns.  
Suggestions for Future Research 
Although the findings of the current study indicate a positive effect of guided 
practice for music staff recognition with the use of an iPad app by students who have 
dyslexia, one wonders if the students in the treatment groups will retain the music 
notation knowledge gained throughout the course of the investigation.  It would be 
interesting, in a follow-up study, to re-test the same students of the treatment groups of 
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the current study after a certain amount of time, perhaps a year later, to compare the 
results with the initial post-testing.  
The guided-practice app used in the current study was an iPad app for learning 
music notation called My Note Games, an app created by Appata Ltd. 
(www.appatta.com).  I chose the app for the current study based on recommended criteria 
for the selection of instructional games by Roblyer & Doering (2010).  At the time of the 
current study, the chosen app was the only iPad app I could find that met the 
recommended criteria.  Since iPad applications are added to the App store on the Apple 
website every day, there may well be a subsequently created app for the guided-practice 
of music staff notation that would be appropriate for use in a future study regarding the 
ability of students who have dyslexia to read music notation.  A replication of the current 
study or a similar study using a newer app would certainly be recommended. 
 Gudmundsdottir (2010) offered suggestions for future research in a literature 
review of research on the reading of Western music notation, particularly for the 
investigation of cognitive development and its role played in relation to the reading of 
music.  Citing that the acquisition of music-reading skills “is closely related to children’s 
level of development,” Gudmundsdottir suggested the importance of research on 
cognitive interaction with music-reading ability since “music-reading skills tend to be 
mastered early in life” (2010, p. 336).  Defining music reading from a cognitive 
perspective, Gudmunsdottir (2007) described the action as one that involves “several 
simultaneous processes including coding of visual information, motor responses and 
visual-motor integration" (2010, p. 332).   
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 Gudmundsdottir (2010) posits that the reading of music notation involves not only 
the decoding of music symbols and a motor response, but an integration of the two, and 
that perhaps the focus of music notation instruction should be on the conveyance of the 
structures formed by the pitches, instead of the individual pitches.  With all this in mind, 
a recommendation for further research would be to take the staff music notation 
recognition skills acquired during the current study to the next level by testing the 
students’ note recognition in the formation of chords, intervals, or musical sequences or 
melodies.       
Findings of the current study show that the students in the treatment groups, with 
the repeated use of the guided-practice app on the iPad, acquired a greater ability to 
recognize music staff notation.  This most likely resulted from the consistent practicing of 
the skills (overlearning) and led to a greater ability for automaticity, as explained by Reid 
(2011).  In turn, the consistent guided-practice with the multisensory tablet led to a 
greater ability for automatic recall necessary for a longer retention of new information.  
Further research on the theory of automaticity deficit (Nicolson & Fawcett, 1990) and the 
concept of automatic recall for students with dyslexia is definitely recommended.  The 
current study entailed only research with students who have dyslexia.  A study on 
automaticity deficit, with a larger sample size and a comparison of students with and 
without dyslexia, would be informative.   
 Results of the current study showed there was no significant interaction of gender 
or grade level upon the treatment; the effect appears to be the same, whether students are 
male or female, or whether they were in third, fourth, or fifth grade.  Due to the relatively 
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small sample size (N=72) in the current study, the factors of age and gender were not 
considered as initial research questions.  In light of findings on the relationship between 
gender and phonological processing (Shaywitz & Shaywitz, 2001), further research is 
recommended with larger groups to explore the variables of age and gender and any 
possible impact on the multisensory instructional strategies employed in the current 
study.   
 New trends in music technology are ever evolving and the technology required for 
touchscreen capabilities is not limited to the Apple iPad.  There are other touchscreen 
devices on the market and the availability of new apps continues to expand.   Although 
the current study was delimited to the use of an app for guided practice on the iPad as a 
multisensory tool, further research is recommended for similar studies for students with 
dyslexia involving the use of suitable apps on different touchscreen devices.  
The iPad was chosen for the current study because of its multisensory attributes, 
based on recommendations for multisensory instruction for students with dyslexia, 
related to the phonological deficit theory.  Other touchscreen devices, similar to the iPad, 
may also be found to be effective multisensory technological tools that could be used for 
instructional purposes including, but not limited to, guided-practice.  Further research is 
recommended on the use of touchscreen devices (iPad included) for music learning of 
students with all types of learning differences. 
Implications for Music Education 
 
A general hope for the current study was that any findings showing a positive 
impact would provide important information that would add to the educational strategies 
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of general music teachers who teach students with learning disabilities, especially 
dyslexia.  Certainly, the fact that the use of the iPad app for guided-practice of reading 
music notation showed a positive effect on the learning of the students in the treatment 
groups, provides a potential effective strategy for music teachers who teach music staff 
notation reading to students who have dyslexia.  Delimitations of the current study 
notwithstanding, the possibility exists that other music teachers, and not only those who 
teach students who have dyslexia, may be able to use the iPad app incorporated in the 
current study as an effective multisensory tool.  
The literature examined for this study included studies on iPad integration for 
educational purposes.  General findings from all of the studies indicated that the iPad is 
an effective instructional tool.  Students reported that they were more engaged in lessons 
when the iPad was used for delivery of lessons or material and students also reported that 
they were most engaged when iPads were used for creative activities and they were able 
to use them, for example, for composing essays and adding their own pictures or 
recordings to their assignments.  This type of active involvement for student learning can 
certainly be facilitated in both general and music classrooms with the use of an iPad or 
any tablet computer for that matter.  
The iPad offers music educators great flexibility in providing opportunities for 
students to be creative.  Music applications for music theory, composition and recording 
are only a few of the apps that may be used for music learning and processing.  The 
possibility exists for the students to move beyond learning the material to be able to 
create their own compositions and musical arrangements or recordings.  
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 Benton (2012) examined the implementation experiences of teachers’ use of the 
iPad as an instructional tool and found that participants believed the iPad had a positive 
impact on student engagement and learning.  The teachers in Benton's study reported that 
classroom management issues were almost non-existent when the iPads were being used; 
the students participated enthusiastically in the learning activities.  It is reasonable to 
assume that the increased engagement would occur in any content area, including music 
education. 
Research has shown the iPad is an effective learning tool for its technical features 
such as portability, touchscreen, adaptability for learning differences, and multisensory 
components.  These attributes coupled with a multitude of apps available for an endless 
number of subjects make the iPad a valuable tool for all educators and learners.  
Thousands of apps have been created for music education purposes, including many apps 
for music theory.  The possibility exists for users to learn music from the apps by 
practicing individually, a situation that would enable music learning to occur outside of 
the formal music classroom.  Music educators inside or outside of the classroom could 
incorporate this type of individual practice and learning opportunities into their curricula. 
 McLanahan, Williams, Kennedy, and Tate (2012) investigated the effect of using 
an iPad in a single case study of a student with a reading disability and ADHD and found 
the student had a seemingly increased attention span while using the iPad.  The student 
was able to listen to self-recordings of reading assignments and was able to determine 
that it was necessary to slow down in order to make sense of the reading and meaning of 
the text.  As in this case study, one would expect that music educators of students with 
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similar learning disabilities and who might have trouble with reading music or 
understanding music theory in general could find the instrument useful for allowing them 
to pace themselves by using apps that can be adapted to individual learning differences.  
Part of the rationale for the current study was that research on the use of the iPad 
would provide empirical evidence to determine if the iPad was worth incorporating into 
music classrooms as an effective technological learning device.  In 2008, the 
International Society for Technology in Education (ISTE) issued the new National 
Educational Technology Standards for Teachers (NETS-T), now called ISTE Standards 
(ISTE, 2014).  Roblyer & Doering (2010) outlined the directives of standards and 
included the following sub-directives: teachers must “design or adapt relevant learning 
experiences that incorporate digital tools and resources to promote student learning and 
creativity” and “customize and personalize learning activities to address students’ diverse 
learning styles, working strategies, and abilities using digital tools and resources” (p. 1).  
The results of the current study show that the use of the iPad as a multisensory 
digital tool with an app for guided-practice purposes clearly made a difference in the 
learning for the students in the treatment groups; therefore, teachers who must address the 
aforementioned standards can do so by incorporating the use of the iPad in their strategic 
planning for ways to use digital tools to promote student learning and address the diverse 
learning differences of students.  In other words, the findings of the current study provide 
empirical evidence that the iPad is indeed worth incorporating into music classrooms as 
an effective technological learning device. 
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Summary of the Study 
The idea for the current study was generated during my employment as a long-
term substitute music teacher at an academy for students who have dyslexia.  I discovered 
over the course of my experience with the students that very few of the students had the 
ability to read music staff notation.  I was told that music reading was not a major part of 
the music curriculum because the students generally seemed to have trouble with the 
recognition of notes on the musical staff.  My curiosity about whether this deficit 
corresponded to a lack of instruction or difficulty with reading in general led me to a 
review of literature regarding the meaning of dyslexia, underlying theories about the 
learning differences and difficulties involved, and how dyslexia might affect the reading 
of music notation.  
As I worked with the music students at the academy, I noticed when I let them try 
out various music apps on my iPad, they became enthusiastically engaged; I also noticed 
the students seemed attracted to the iPad for its portability as well as its multisensory 
aspects (visual, aural, kinesthetic (one may move around while using it), and tactile (it 
has a touchscreen).  As I watched the level of enthusiasm of the students grow, I became 
curious about the possibilities of how the iPad might be used to help students learn and 
practice the reading of music notation.  
During my investigation of dyslexia and its underlying theories, I was able to 
decide on a theoretical framework on which to build the study, centering it on a choice to 
use an app on the iPad, a multisensory tool, and to test whether or not it would affect 
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student learning when used consistently for guided-practice of staff music notation 
recognition. 
Therefore, the purpose of this study was to examine the effectiveness of an app 
for guided-practice on a tablet computer used as a multisensory instructional tool in the 
process of teaching music staff notation to students who have dyslexia.  The theoretical 
framework underlying the choice of a multisensory instructional approach and the use of 
the iPad as a multisensory tool was based on phonological and automatization deficit 
theories for dyslexia.  
Literature examined for the study included works on the related theories for 
dyslexia and strategies for teaching both text and music reading to students with dyslexia. 
Examined literature also included studies on the effectiveness of the iPad as an 
educational tool.  It was hoped that results showing a positive impact would add to the 
educational strategies of general music teachers who are faced with classrooms of 
students with diverse learning abilities.  It was reasoned that a quantitative study on the 
use of the iPad as it pertained to learning and practice of music staff notation would 
provide empirical evidence to determine if the iPad is worth incorporating into music 
classrooms as an effective technological learning device.  
The overall conclusion of the study is that the use of the iPad app for the guided-
practice of music staff recognition, in conjunction with instruction, was effective at 
increasing the ability of students to recognize musical notation beyond that acquired 
through instruction alone.  Within the framework of the current study, the effect was 
significant.  Since this was a quasi-experimental study, the results need to be interpreted 
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cautiously.  However, the inclusion of a pretest showed virtually no difference between 
the control and treatment groups initially.  This bolsters the findings of this study that the 
treatment was differentially effective.  
 By itself, the use of technology does not guarantee learning; it is important to 
choose appropriate applications.  A guided-practice application would appear to fit the 
needs of students with dyslexia for the learning of music staff notation recognition as 
results indicated use of the iPad was effectual as a multisensory tool.  Additional research 
needs to be done to establish its unique effectiveness, as well as whether the benefit 
extends to the regular classroom. 
 What is the ultimate benefit of this study? Webster (2002) noted “to take full 
advantage of technology in teaching, we are invited to go to the core of what music is and 
determine best how to teach what we find" (p. 435).  Let us move forward, taking the 
results found here, and continue to explore the needs of students with all types of learning 
differences, not just dyslexia, to find out how we might meet those needs, thereby 
opening doors to unimaginable music learning. 
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APPENDIX A 
	  
Pretest and Posttest (modeled after Burdman, 2007) 
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APPENDIX B 
 
iPad App Level Choice 
 
 
 
 
 
 
 
© 2011 Appatta Ltd. Used by permission. 
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APPENDIX C 
 
Feedback to Students on App 
 
 
 
 
 
 
 
© 2011 Appatta Ltd. Used by permission. 
 
 
  
	  	  
	  
99 
APPENDIX D 
 
Choice of Instrumentation on App 
 
 
 
 
 
 
 
© 2011 Appatta Ltd. Used by permission. 
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APPENDIX E 
 
Play Just Fingers 
 
 
 
 
 
 
 
© 2011 Appatta Ltd. Used by permission. 
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APPENDIX F 
 
Tap That Note 
 
 
 
 
 
 
© 2011 Appatta Ltd. Used by permission. 
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APPENDIX G 
 
Name That Note 
 
 
 
 
 
 
 
© 2011 Appatta Ltd. Used by permission. 
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APPENDIX H 
 
Frequency Distributions 
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APPENDIX I 
 
Letter of Information 
 
 
Dear Parents, 
 
I am teaching music with XXXXXXX in the XXX lower school this semester. I was the 
long-term music substitute last spring while XXXXXXX was on leave. Currently, I am 
also a doctoral student in music education at Boston University and in the process of 
completing a dissertation. I will be gathering research data from the students in the lower 
school music classes this spring. The data will be in the form of pre and posttests on 
music notation. All test results will be anonymous and kept by me until appropriate 
statistical analysis pertaining to the study has been performed. The research will be 
conducted during the regular music classes and the probability of anticipated harm or 
discomfort for the students throughout the learning process and data collection (pre and 
post testing) is not greater than that experienced in daily music classes. 
 
The purpose of my study is to examine the effectiveness of the iPad as a multisensory 
instructional tool for teaching music staff notation to students with dyslexia. I intend to 
examine the impact of the use of the iPad on student learning, thereby possibly adding to 
educational strategies of general music teachers who are faced with classrooms of 
students with diverse learning abilities. The students will be taught a series of lessons on 
reading music notation for seven weeks. I will teach all lessons; the treatment classes will 
receive a portion of the lessons on a music notation game on the iPad. The students in the 
control classes will also have opportunities to use iPads, but will not have access to the 
specific musical notation game used in the treatment class. 
 
Participation in the research is completely voluntary and you may choose to not have 
your child participate if so desired. You may reach me at XXX-XXX-XXXX if you do 
not want your child to participate in the study.  
 
Please contact me if you have any questions. You may obtain further information about 
the rights of research subjects by calling the BU CRC IRB Office at 617-358-6115. 
 
Sincerely, 
 
 
Nancy Witmer 
nwitmer@bu.edu 
XXX-XXX-XXXX 
 
My advisor: XXXXX, XXXX@northwestern.edu, XXX-XXX-XXXX 
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APPENDIX J 
Assent Script 
 
Along with teaching music with XXX XXXXX this spring, I am also a doctoral student 
in music education at Boston University and in the process of completing a dissertation. I 
will be gathering research data from you in music classes during the remainder of the 
year. The data will be in the form of pre and posttests on music notation. The test results 
will be anonymous and kept by me until appropriate statistical analysis pertaining to the 
study has been performed. The research will be conducted during the regular music 
classes. 
 
The purpose of my study is to examine the effectiveness of the iPad as a multisensory 
instructional tool for teaching music staff notation to students with dyslexia. I intend to 
examine the impact of the use of the iPad on student learning, thereby possibly adding to 
educational strategies of general music teachers who are faced with classrooms of 
students with diverse learning abilities. You will be taught a series of lessons on reading 
music notation and I will be teaching all lessons. 
 
Participation in the research is completely voluntary and you may choose to not 
participate if you so desire.  
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APPENDIX K 
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